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Abstract —The paper presents a case study on improving about the quality of coffee machines, variety andlity of

inventory management at the distribution company wich
operates in Latvia. The case study is focused on apgtion of
different modelling approaches in inventory managerant under
uncertain demand, namely inventory models, simulatin models
and optimization model. The functionality of each mdel as well
as its benefits for the current problem is discusskin the end of
the paper.
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|I. INTRODUCTION

Effective distribution company management
around balancing the three key dimensions of irorgntcost,
and service. Managing these trade-offs efficiemslytypical
inventory management task which can result for campin
improving business performance and driving comipetit
advantage.

The explored topicality of inventory managementteys
defines the goal of the case study aimed at amsalykithe
inventory management system in a distribution campa
(King Coffee Service (KSC), a leader in field offfe@ sales
and renting of coffee machines in Latvia. Comparimigh
others, the company offers to its customers fulfeeoconcept
— starting from stirrers and paper cups to premicoffee
machines, which in total make several hundredssitions in
inventory list. Therefore the analysis of currenventory
management system and its enhancement is a higtityfor
the company. However, the object of the case sisidpt the
inventory management itself, but modeling approaclikich
can be applied for inventory management task.

Following is the structure of the paper. In thetrneaat, the

description of the company KCS inventory management

system is presented including ABC analysis. Theminm
inventory models are discussed and applied foctse of the
company. In the fourth part of the paper, simulatinodels

for above discussed inventory models are develoged.
application of optimization model for calculatingventory

model’s settings is presented as the last modeapmroach
within current case study. The functionality of lkanodel as
well as its benefits for the current problem arscdssed in the
end of the paper.

1. BACKGROUND

Founded in 2006, KCS’s main strategic goal is tcolee a
leader in coffee industry. The company has develope
concept which provides to it's customer the oppatiuto rely
on the supplier. This means that customers canohédent
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revolvekeceives goods from manufacturers directly,

raw materials, and best service including free veeies of
ordered goods. The concept is already recognizedhby
customers as highly successful, comfortable andchauoccal.
Every day KCS'’s coffee machines prepare thousahdsftee
and other hot drinks.

A. Supply chain

KCS is an international company with head officealied
in Riga (Latvia) and representatives in Lithuania &stonia.
All material flows are managed through Latvia. Tdeanpany
skigpin
wholesaler echelon from typical supply chain stet The
inventory is hold in company’s private warehousewsdver
the company rents storage space in a public wasehau
order to achieve best service to its main customig has
storage space in same place. Other customers,lbasWCS
representatives in Baltic are served from KCS’svaid
warehouse.

Lead time from KCS company to the customer is dag
i.e. goods ordered today will be delivered tomorrélewever
there are agreements with main customers abowicatates
when order can be placed. The goal of KCS in mdspe
customer is to support 100% service level.

KCS works with several suppliers located in Europe,
Finland, Poland, Swiss, Italy, Holland, France, &&many.
The lead time varies for each supplier, and ispnoportional
to a distance to customer. Every stock keepinghastits own
lead time despite they are served by one supplier.

B. Inventory management

Inventory of KCS consists of hundreds stock keepings
and can be divided in two main groups: (1) coffegchines
and spare parts, and (2) ingredients and raw nasgefor
coffee drinks.

First group is not fast moving, so there is no isight
inventory kept for this group. Inventory managemtamtthe
first group belong to pull approach.

Second group is very dynamic with intensive corgstion
that is why it is selected as an object of theentrcase study.
All goods within second group can be divided intgredients
(including coffee beans, milk powder, chocolate gew
coffee syrups and sugar pre-packed) and raw mistdiia.
paper cups, plastic lids for cups, stirrers, ptagiice cups).
The current inventory management for this grouphgs to
push approach. Inventory replenishment is organizad
continuous order review with a period of one dapwéver,
as delivery from suppliers is performed monthlyripeic
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order review approach and its inventory models khdie
analyzed as alternative inventory replenishment be
implemented at the company.

C. ABC analysis

As the company operates with hundreds of itemss it
decided to cut quantity of goods to the most esseanes.
Undoubtedly, that main product is coffee beanssales of
others depends on consumption of coffee. In ordeprove
this, as well as for selecting one item from aefgriof coffee
beans, ABC classification analysis is performed M/ithin
current research following key indicators are seldc total
year revenue, one item sales price and total amofusales.
The list of SKU consists of 44 items (some itenes grouped
before the analysis, as well some seldom and dptamias are
ignored as not typical in daily operations).

ABC classification by total year revenue is vergergial
for the company as it shows items which require tragsets
into inventory. These items should be controlledtigbt as
possible, i.e. low inventory levels and safety k$odo
minimize costs. Performing ABC classification bycpris less
important than total year revenue however is stikful. As
group A needs a high level of safety to protedram any
damage (this is very actual for first group gooids, coffee
machines). ABC classification by demand has a aimmhture
with classification by total year revenue. Besidggup A
items should be held in the most accessible plagearehouse
as they are the most demanded.

2009. As the Fig.2 shows, a weekly demand for mtpcts is
unstable. All customers have one free of chargevelgl per
month. Almost all of them place orders at one tilmg, there
are still some orders during the rest time. AltHougterms of
a month, fluctuation of demand is smaller (see3jig.
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Fig.2. Weekly demand

Demand for considered products is seasonal, i.madd
for hot drinks rises in colder months, and fallsidg summer
time. The fall of demand in January is explained exyra
stocks made in December approaching Christmasdydid

As the Fig.3 shows, Topping, Coffee3200, SP12 Mamn
dependent products, i.e. sales of each productraneally
related. The correlation test is performed by meainExcel
Spreadsheet function CORREL. The
correlation between Coffe 3200 and Topping is 0,88d

An illustration of ABC analyses is shown in Fig_l_correlation between Coffee 3200 and SP12Main i.0T8is

Comparing analyses, the conclusion is that both AR&lysis

means that Coffee 3200, Topping and SP12Main closmty

by total year revenue and demand show almost thee satcgether in the same direction. Moreover, the datin

result, which is close to theoretical ABC breakdownspite
of the items in both Groups A are almost the saimey have
different ranking. ABC analysis by items total grishows
different results as the nature of key parametedifierent.

between Coffe 3200 and Toppin is higher than catiah
between Coffee 3200 and SP12. It can be explaipe¢hedfact
that majority of coffee drinks made from Coffee320@ filled
in SP12Main cups. Topping, a milk powder, is nowals

The most essential items for the company based Bg A Used for preparing coffee, as some customers pisterk
analysis are SP12 Main, Coffee 3200, Topping, Cho&?ff?e- However, at this research it is assumed ph_aducts
powder, Lids 85 mm, SP12 KCS and SP16 Main. Howevei'® independent. Moreover the rest of the papdrfedus on

only three of them are used furthermore, i.e. SRin,
Coffee 3200 and Topping.
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Fig.1. Comparison of ABC analysis

D. Analysis of demand

Coffee3200 product only.
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Fig.3. Monthly demand

Arena Input Analyzer software is used to find aistigal
distribution to describe the demand for
numerically. The statistics on weekly demand isdusghe

To make the analysis of demand for the selecteaisite distribution for the product Coffee 3200 is Betag$ig.4). It

statistical information is analyzed over the period year

has the smallest square error value among othstshdition
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results show that

Coffee3200
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(as for example, normal, lognormal, erlang, betangular,
and some others). The result of the chi-test, all a®
Kolmogorov - Smirnov test, shows that beta distidiu can
be used to describe empirical data. As it was pdirgbove,
demand has instable nature in terms of weeks, wtachbe
proved by its mean value as 466 and almost the stamdard
deviation value as 323.

Distribution Summary

Beta
-0.00L + 1.01e+003 * BETA(0.835, 1.34)
quare Ex 0.014999

s - 53

= 1.0le+003
e = 388
Sauple std De 276

Fig.4. Coffee3200 demand analysis

there are several inventory strategies (also calkeadnodels)
for both periodic and continuous review of invegtor
Moreover, there are also practical recommendatifors

selecting the appropriate strategy based on AB@sisaFor

group A it is usually recommended to create a hidgneel of

safety stocks and obtain continues strategy. GiBupeeds

average safety stock level and periodic review. giomup C

safety stock is not made at all and inventory léseontrolled

rarely.

Within current paper, calculations are performed fo
Coffee3200 which is within group A. Taking into acat
some specific of empirical experience of ordering tlze
company, following are inventory management stiateg
selected for case study “Min — Max” (also known“asS"),
and “s-Q” (continuous inventory models), and “upStbwith
“Q-p” (periodic inventory models) [1], [2].

Min Max inventory model has two parameters, i.@rder
point s and maximum inventory level S. When inveytevel
falls down to s, order Q is placed to increase mbegy/ up to
maximum level S.

s-Q model is similar to s-S, but prescribes thargtime,
when the inventory level falls to s, new ordeisQnade. To
calculate Q well known EOQ formula can be appligd [

Up to S model requires that order to supplemengniry
to a level S is done once in a definite period iofet The

Finally, demand analysis needs to find out stockoWeriod between orders can be either calculatecguieed in

situations if such exist.

As Fig.5 shows, there were not any stockout dusiagr
2009, except week 39 when inventory depleted t&@0The
maximum of inventory, i.e. 5196 was hold in week Ffe

empirical way. In current case study it is caloedhatby
dividing 52 weeks on number of orders in a yeari¢tviin its
turn is a result of dividing annual demand on ordéere
obtained by EOQ) and is equal to 5.

average inventory level is 2636, which comparingthwi Q-p strategy prescribes that new orderisQmade every

average weekly demand value is high. However, denisig 4
weeks lead time, average amount of inventory isaeable.
Coffee 3200 had 7 deliveries during year 2009. htwey
level never goes lower than 500 kg (except week-3@hich
in terms of inventory management can be explaireedadety
stock empirically obtained in the company.
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Fig.5. Weekly inventory

I1l.  INVENTORY MODELS

period T. Period between orders is discussed above.

The essential to all models is service level. Adowg to the
strategy of the company to obtain 100% service |jeak
calculations are done for service level 95% and¥d.0Q_ead
time is considered as constant, 4 weeks. Demaddsisribed
by its mean value (i.e. 466) and standard devigtien323).

Table 1 summarizes calculations for all inventorgdels
(numbers in brackets show results for service 1608%; the
rest is done for 95%; period T is same for bothiserlevels).

TABLE 1
CALCULATION RESULTS

Inventory strategy
Parameters; -
min-max s-Q upto S Q-p
S 2930 2930
(3854) (3854)
S 4794 - 5954
(5718) (7361)
Q - 2513 - 2513
T - - 5 5

As it is shown in the Table 1, the maximum inventi@vel
for continuous strategy min-max is equal to 5718&dgr
service level 95%) which is very close to empirigaximum
of inventory in year 2009 (i.e. 51960). Same, a dow

It is mentioned above, that inventory management fQnyentory bound is close to average inventory léme2009,

second group of goods is realized as continuousveier,

correspondingly 2930 and 2636. However, to make an
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effective comparison of all
implementing one of them, it is decided to use &athon
which allows recreating a situation (i.e. inventargnagement
strategy) so that the likelihood of outcomes caediémated.

IV. MODELING OF INVENTORY STRATEGIES

There are two main modelling techniques used jplyu
chain management, i.e. simulation and optimizatiBoth
approaches are used for different tasks solvinthere is a
difference between approaches [3].

While simulation can yield detailed answer to thesmn
frequently asked and well-known question — “What" if,
only optimization technology allows answering te tijuestion
— “What's Best?”. Simulation by itself can’'t guatae that the
modelled system has the optimal performance. The afs
simulation allows the decision maker to test thieaf of
alternative scenarios in order to select the bese. o
Optimisation models are based on precise matheshati
procedures for evaluating alternatives, and thegrantee that
the optimum solution has been found to the protaemroposed
mathematically. This process determines exactly clwhi
combination of factor levels produces the best alesystem
response. Optimisation problem can be formulated task of
finding an extreme of the function representing Hystem.
Optimisation of supply chain performance is usugllysued
around the goals of cost reduction, capital reductiand
service improvement.

A shortcoming of optimization is simplification. An
optimization model can only approach the real systathin a
certain level of detail, and some factors are Wgsahplified or
left out. Unlike simulation models, optimizationnceot handle
all uncertainties of the system. These simplifyaggumptions
should have only a minor effect on the result; atige the
optimal solution of the simplified model will be algss for the
real situation. Therefore, nowadays optimizationsed together
with simulation. Once the optimization solutionf@und, the
system performance under the optimized value caedied by
means of simulation model.

Min-Max
Inventory Uptos$ ———Service Level
management |s_Q
models Simulation model
Q-p (Ms Excel)
Number of modeled
periods = 52
Optimization
model UptoS > Average inventory
[AMPL) level

Fig.6. Schema of experiments

In the current case study, both modelling approsicre
implemented. First, simulation models are made rioep to
compare different inventory strategies. Then, ojsttion
technique is applied to find parameters for one tioé
considered inventory strategy, see Fig.6.

90

inventory models before A. Simulation models

To evaluate how the company may work according to
calculated inventory models’ parameters, simulatioodels
are created by means of MS Excel Spreadsheets. $gws
simulation model interface for Min-Max strategy wit00%
service level. Market demand is described by Beta
distribution.
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Fig.7. Simulation model interface (a fragment)

Simulation models are created for all modelled moey
strategies. They are run for period of 52 weeksh w0
replications. The period of 52 (in weeks) is seddcas one
which describes the time horizon of tactical decisimaking
whom inventory management belongs to. A number of
replications is obtained empirically, however aralgsis is
made by using confidence interval method to proke t
sufficiency of 30 replications [4].

For every replication performance indicators areasoeed
and than average performance indicators valuesacalated.

To evaluate the quality of simulation results foll a
inventory models, following performance indicatoese
selected [5]:

P1 - service level as a percentage that indicates t
chance of demand coverage during the replenishment;
P2 - service level indicates the percentage of dema
covered at time;

average inventory

R2 — a dispersion of results: as les®Righe solution is
more robust.

After developing a simulation models, all abovecdissed
inventory models are tested. Table 2 shows obtaiesults.

As table 2 shows, almost all strategies receivemtigesults
for performance indicator service level P1 and F# worst
result is for strategy Q — p. Comparing resultshvdifferent
service level, better ones are for 100% servicellevhich
requires higher safety stocks and therefore hawghelhni
average inventory level (and related costs). Tispaision of
service level R2 allows finding the most robustentory
model. As table 2 shows, this is Min-Max strategjthw
customer level 100%. The explanation is that byaidvin-
Max inventory strategy with calculated maximum and
minimum inventory levels, the behaviour of the syst(i.e.
inventory in the company) is more robust.
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TABLE 2
RESULTS: PERFORMANCE INDICATORS
Strategy Ii\%‘l"iz P1 P2 R2, % Iﬁ\‘/’:;?g;
Min-Max 95 0,994 | 0,999 8 1997
100 0,999 | 1,000 4 2714
UptoS 95 1,000 | 0,998 5 2549
100 1,000 | 1,000 6 3750
0 95 0,995 | 0,996 8 1892
100 1,000 | 1,000 5 2604
QOp 0,953 | 0,973 34 2380

Essential to the company operation is inventorglleVhe
higher inventory level is the bigger inventory coghe
company has. Comparing the dynamic of inventovgllever
52 weeks, the peak of inventory is achieved under-Wax
strategy; however average inventory is higher seaaf Up to
S inventory strategy. Moreover, as Fig. 8 shows igogb
inventory level is similar to Min-Max. This allowsaking an
assumption that KSC is working under Min-Max stggte
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Fig. 8 Comparison of empiric inventory level andnMilax 95% inventory
level

However, before making the final conclusion on mesy
strategy to propose for the company, it is decideduse
optimisation technique for calculating parameteatues for
inventory strategy.

B. Optimisation model

Within current research, an optimization model
developed for the Up to S inventory model, wherdees are
made every period, and orders size is aimed teenigi the
current inventory level up to S position. The optiation
model for the case of KCS company is adopted basetthe
model presented in [6],[7]. It is stochastic optiation model
with stochastic demand. Echelon number is change® t
presenting supplier of Coffee32, the company itselfl its
customers. The length of the planning horizon m fiodel is
set as 20, where one period is one month. The pe&fid20
months exceeds the tactical planning horizon of gear,
however it is necessary to allow model operatiradlst after
warm-up period. The decision variable which the etod
aimed to find by minimizing total costs over pladrngorizon
is target inventory level S. The lead time shovasgportation
time from a supplier to the company, and in cas€aiffe32 it
is 4 weeks (or one period in terms of the optimaramodel).

Customer demand is very essential for the optintnat
model because of it stochastic nature. To desthidelemand

a scenario approach of stochastic programming ésl (for
more explanation of scenario approach in stochastic
programming see [8]). It allows representing theastainty of
the future by a scenario which is the particulazcession of
possible random parameter’s values (samples) beeperiods
in time horizon. Usually, to have more realistisuks the set
of scenarios is used. This is also one of the Isiggeallenges
in scenario approach. Within current case studyntiraber of
scenarios is set to 100. This means that theréGoaifferent
scenarios of demand for 20 periods. The numberQgf i$
chosen empirically based on pre-analysis of resoftghe
optimization model under different scenario sizewaver for
future research Sample Average Approximation method
should be applied to evaluate the confidence aatitgwf the
obtained solution [5]. Each scenario value is gateer from
the statistical distribution which described engztidata of
demand for Coffee 3200. Monthly demand for Coffeé82
described by triangular distribution.

The objective function of the optimization modelaisned
at minimizing the total costs of the supply chauridg the
period of 20 months over all 100 scenarios. Thal tmists are
the sum of inventory costs and backlog costs. Ehifone for
balancing inventory costs with customer level agHiacklog
costs are related to low customer service. Thenitorg costs
are calculated as inventory hold during all periader all
scenarios. Same backlog costs are equal to the ranufu
backlogs during all periods for all scenarios. Tiheentory
costs is defined as 1 unit, however backlogs analfEed with
2 units for every backlog within current case stuldgwever
some future research will be done in order to fihd best
ratio of inventory and backlog costs for the compan

Additionally to objective function, the set of catidns is
presented in the optimization model to describe Itigic of
Up to S inventory model. In total there are nindjsats to
define the supply chain performance during the thmezon
of 20 periods. For example, one defines that backibthe
period t is equal to the backlog in previous perfod) plus

~demand for the current period t and minus deligerie
IZustomer to satisfy the current demand. Other stbjare
explained in [6],[7]. The described model is writtiea AMPL
algebraic modelling language and solved by usindexCp
solver. The solution of optimisation model is targesentory
level S equal to 4234 units. However, to checkdghality of
obtained solution the developed simulation modelufp to S
strategy is run with optimized S value.

C. Comparing results

For comparing simulation results of all inventotsategies
(including optimized Up to S strategy), a multi teria
analysis of all inventory models is done applying@ighted
sum method. Performance indicators of simulatiodets are
used as criteria, i.e. P1, P2, R2 and average iomen

Criteria with equal weight are used first (Casa Table 3).
A conclusion is that strategy s-Q with service 1&8& % is the
most reasonable, as it has the highest total we@htimized
Up to S strategy takes a second place in rankihg.smallest
total weight belongs to Q-p strategy.
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TABLE 3
COMPARISON OF INVENTORY STRATEGIES

Strategy Lsei:/revllc;) Case 1 Case 2
. 95% 0,844 0,806
Min-Max
100% 0,831 0,789
95% 0,834 0,793
UptoS
100% 0,765 0,706
9 95% 0,849 0,813
S-
100% 0,832 0,790
Q-p 0,649 0,573
Up to S opt 0,838 0,807

Next, criteria weights are changed according tdggofithe
company on providing service level as high as bssi
(P1=0.4, P2=0.2, R2=0.2 and average inventory=0s2§
Case 2 in Table 3. Results show that best strategith
almost same resulted sum are s-Q (95%) and Min-{95%).
Q-p strategy shows the worst results in ranking.

V.CONCLUSIONS
Inventory management is an important sector ofskizs

there is some lack of data required for traditionahlytic
algorithms, as for example mean and dispersioreafahd or
lead time cannot be precisely expressed. Howevetterb
benefit optimisation models give in case of plagrimventory
in multi echelon supply chain, because they all@satibing
interconnections of echelon in managing inventoryard the
end customer.

The case study is focused on enhancement of inento
management system in the company KCS”. An empirical
study is conducted to analyze current situatiothefinventory
management in the company. However the detailelysiaas
done for one product, i.e. Coffee 3200, which &diag for
the company. Simulation results show that two inesn
strategies from four can be investigated in the gamy. They
are s-Q and Min-Max strategy. However, taking into
consideration that current strategy maintainechendompany
is similar to Min-Max strategy, the recommendatiisnto
follow Min-Max strategy until the future analysis ¢onducted
in order to find inventory strategy for dependedd an
consolidated goods. The practical implementatioarof new
strategy will take some effort whilst Min-Max stegly
requires only re-calculating its parameters, i.ex amd max.

During the research within current case study, sburtber

and economic spheres, company's growth and sudsessresearch directions are defined as important ferctimpany.

strictly dependent on it. Even empiric experienagyrmelp to
manage inventory well, application of manageriaéatly
allows analyzing future improvements.

There is a variety of inventory management strategill
answering same questions, i.e. When to order? andrhuch
to order? To answer them, different approacheseaspplied
namely inventory models, simulation, and optimisati

Traditional inventory strategies expressed by meahs
analytic formulas are the most popular. However,
complexity of analytic inventory models increadestochastic
data appears. If demand and lead time are stochastithey
use to be in practice), computation of the optimatier
qguantity will be more complex. Application of anadgal
formulas is only then useful, if there is no nedgs$or
complex adoption inventory models for any certaisecwhich

Following are main of them:
e As the company has a certain amount of supplierat wh
delivers more than one inventory position (i.e.duat), the
solution is needed to consolidate the orders frames
suppliers to decrease transportation costs.
e As it is concluded, that the company operated with
dependent products, it is necessary to make aweuie
inventory models which deal with dependent products

ae To react fast on rapidly changing environment (for
example, demand), forecasting methods have to be
considered before planning inventory. Till now decha
forecasting is only based on the manager competenti
spite of the fact that this practice has worked | wtle
necessity of implementing a forecasting is obvious.
Another significant direction for academic purposiss

requires from a manager good mathematical skillsl anelated to applying optimization model for othewentory

creativity.

In order to check and evaluate results of systeeraijpn
under defined inventory models settings (foundegitty using
inventory models or empirically) before implementithem to
the company a simulation model can be used. Howdwoer
create a good simulation model, input data shoeldi&fined
accurately and a model should capture logic ofrtioelelled
system. For example, if Min-Max strategy is modglithen a
model should operate based on Min-Max conditiof3nce
created, a simulation model can be multiply useeh tifor
performing so called “what-if’ analysis. llustregly, a
manager can use the simulation model to evaluate the
system will operate in case of increasing/decrgademand.

Besides analytical
optimization model allow finding parameters of int@ry
models as well. Application of scenario approaclstothastic
programming in inventory management is then ratidha
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models for inventory management,

strategies (i.e. Min-Max etc.).
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Oksana Sosko, Vilnars Vjakse, Jurijs Merkurjevs. Kr ajumu vadibas sistmas modeé3Sana sadales ugemuma: problemsituacijas anaiize

Rakst ir aprakstta gadjuma izgte par kijumu vadbas sistmas pilnveido3anu Latvijas sadales)@munia. IpaSa uzmaba ir piewrsta daXdu metoZu
pielietoSanai Kgumu vadbas sistmu modetSara ar nenoteiktu pieprgsmu, &dam ka krajumu vadba, imiicijas modeiSana un optimicija. Veikia
gadjumu izpete ielauj vaikus posmus. #&uma tiek veikta esas kiajumu vadbas sistmas anake, tai skai pretu klasifikacija, kajumu poiciju ABC
anaize, piepraguma statistisk anaize utt. Rc tamdetras k#jumu vadbas straggijas tiek izmantotas, lai afitinatu pasitjumu daudzumu un laiku vienam
produktam. Lai no&rtétu sisemas dartbu ar apgkinatajiem kiajumu vadbas straigiju parametriem, tiek izstdati imitacijas modé elektronisko tabulu Excel
vide. Izmantojot Sos modies, unémuma vatba var izanalig krajumu fimeni un klientu apkalpoSanameni daZdas stratgijas. Papildus imiicijas modéem
pétijuma tiek izmantots ar optimizicijas modelis, lai agkinatu optimilo mérka kmjumu meni Up to S stragijai. Sis modelis pieder stohastisk
programngSanas pieejai, karstohastiskie faktori ir atloti scerariju koka veidi. Up to S kijumu straggija ar optimizto merka fimeni [Ec tam tiek @lreiz
palaista imifcijas modal Krajumu vadbas straigiju saidzinaSanai, ieskaitot astraggiju ar optimi£to parametru, tiek izmantotagtas summas metodea$
rezultti rada, ka labkas straégijas uzzemumam ir s-Q un Min-Max. Gaidma izgetes rezulita uzmemumam ir rekomerds realizt Min-Max krajumu vadbas
stratgiju, jo ta ir tuva uzémuma esoSajai empski uzturtajai strasgijai.

Oxcana Comko, Buimapce Bskxce, IOpuii MepkypbeB. MoaennpoBaHue cHCTeMbl YNPaBJIeHHS 3a0acaMH B JAUCTPHOLIOTOPHOH KOMIAHUU!
NPaKTHYeCKHii IpUMep

B crathe mpencTaBIeHO HCCICIOBAHHE CHCTEMBl YIpPAaBICHHs 3allacaMH Ha IPEMepe IUCTPUOBIOTOPHOM KoMmaHHu, pabortaromeil B Jlatsuu. llembio
UCCIICZIOBAHMS SBIISICTCS YJTy4dIICHUE CHCTEMBbI YIIPaBIICHHS 3aIIacaMy, HCIIONb3Ys Pa3IMYHbIC MOIX0/bI MOJICTUPOBAHNUS 3aI1aCOB B YCIOBUSIX HEOIPEIEICHHOTO
crpoca, Takue KaK MOJENH YIpaBIeHHs 3alacaMy, HMHTalHOHHOE MOJEIUPOBAHHE M ONTHMH3anus. IIpoBeneHHOE HCCIeIOBaHHE COCTOHUT U3 HECKOIBKHX
JacTeil. BHauane mpoBOAUTCS aHANN3 CYyIIECTBYIOMIEH CHCTEMBI YIIPABICHUS 3allacaMH B KOMIIAHUH, BKIIIOYAs KIACH(UKAIIHMIO TOBAPOB, aHAIM3 3aIIacoB IIO
Mmetony ABC, craTicTnueckuii aHam3 cnpoca M T.J. 3aTeM 4eThIpEe CTPATErHy YIPABIICHUS 3aracaMy MPUMEHSIOTCS JUIs pacdeTa pa3Mepa 3aKa3a M BPEMEHH
3aKasa JUisd OJHIO M3 MPOAYKTOB. Jlanee MMUTALMOHHBIC MOJICIH UCIOIB3YIOTCS JUIS OLICHKH PabOoThl CHCTEMbI yHPABICHHS 3allacaMH, OIEPUPYIOIIEH COrIacHO
pacYMTAaHHBIM IapaMeTpaM CTPATerHil ympaBieHWs 3amacamu. PaspaGoTaHHBIC B Cpefe dJIEKTPOHHBIX Tabmui EXCel, 9Tn Monenn mo3BOISIOT PYKOBOACTBY
KOMITaHHH OLEHUTH 3(P(HEKT NPUMEHEHHUS Pa3IMYHBIX CTPATETHIl HA YPOBEHb 3aI1aCOB M YPOBEHb 0OCITYKMBAHHS KJIUCHTOB. [IOMIMO MMUTAIlMOHHBIX MOJICNICH B
UCCIICZIOBAHUH MCIIONIb3YeTCs ONTHUMH3ALOHHAs MOJIENb, KOTOpas MO3BOJIAET PacyMTaTh LEIEBOM ypoBeHb 3amacoB B crparermn Up to S.DOrta mozmens
MPUHAUIOKAT K KJIACCY CTOXaCTHYECKUX MoOjelel, e CTOXAacTHUeCKHe NaHHBIC NPEeICTaBICHB B BHAE JepeBa cleHapueB. I[lomydeHHBIE pe3yIIbTAThI
ONTHMH3AIHOHHOH MOJENH IPOBEPEHHl C IMOMONIBI0 HMMUTAIMOHHON MOJENH. B 3aKkioueHHH AT CPaBHEHHUS BCEX CTpaTerHil YIpaBiICHHS 3aIllacaMy
UCIIONB3YeTCsl METOJ B3BCLICHHOM CyMMBI. Pe3ynbTaThl yKasbIBalOT, 4TO JIY4YIIMM CTPATerWH JUlsl KOMIAHHM sBisiiores S-Q m Min-Max. Opnako
3aKJIFOYNTEIbHAS PEKOMEHIAMS [ KOMIIAHHM COCTOMT B NpHMEHeHuH crpaterud Min-Max, T.K. CyliecTBYrOmmMi ITOAXOX YIPABICHMS 3amacaMH Ha
MPeIIPUATUH OUCHb OIM30K K PEKOMEHTyeMOH CTPaTer .
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