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Abgtract: This case study was developed in a retail pairtargpany; the main objective is to reach a higlashdlow
for assuring the fulfilment of the demand with &98ervice level. Currently, supply chain faces tdtiples competitors
so familiar business have to improve the logistascesses for remaining in local, national andri@tonal markets.
Through the ABC-classification, the product poitfolvas classified for choosing the products withrensignificative
impact. Forecasts techniques may obtain data wgtieh accuracy in the order preparation. For téearch, a seasonal
model is functional, since the demand tends to lasemilar behaviour year by year and month by moS8easonal
demand model was used to find specific productsrtight not fit for ordering minimum quantities vehi might exceed
the forecasted demand. On the other hand, clag¥g fBodel considers the value of the inventory asrdahd forecast,
which demonstrates that the performance of thelgwaain could improve considerably. Thereforeaaourate estimate
can reduce inventory costs in each of the persatssfying customer demand, by at least 14%. EOQetshould apply
to all products for reducing the investment in simaving stock and improving the inventory for thdsghly demanded
products which can generate flexibility to embram@@ket complexity and meet customer expectatioss Aiture study,
the company can develop a strategy to reduce rtatifrg inventory with more accurately, what and witeey will sell
specific products.

1 Introduction differences specifications, proposing which product

This case study was developed a retail store ofipgs ~ SPecifications may adjust in negotiations, anddating
because of; currently; consumers prefer buying frofiie change company operations to reduce the caisitth
retailers because their trust is a sensible expiectfl]. allow satisfying customer [10]. Therefore, accurated
Hence family firms are supposed to be more trugtwor robust classification of items is required to manadarge
Compared to their nonfam”y Counterparts [2-4]_f§fere, number of products. ABC analysis, which is based on
family firms may obtain a strategic advantage based Pareto’s principle, requires a single criteriomual usage
policies and practices that cause them to appédse more  Value (cost). Few items, which contribute a consitlie
long-term  oriented, credible, and reliable [5]amount of yearly usage value, are considered ags-c
Capitalisation plays an essential role in the sswoef items and which provide very less amount of annsabe
family firms [6-8]. Consequently, supply chain mgess Vvalue, are con3|dere_d as C class and B class. Howev
have to adapt their strategies to minimise invéasoand Most of the companies store thousands of produus a
maximise sales for facing their competitors [9isierucial ~ often they are not correctly categorised. _
that calculates demand forecasts for decision-ngatkiat Additionally, ABC classification does not consider
satisfy customer needs without having an excessil@ad-time, inventory cost, commonality, obsoleseenc
inventory to have a higher cash flow. For it, toenpany’s ~ substitutability, number of requests for an iteen pear,
portfolio products should segment through the AB@umber of purchase orders per year, purchase sizeof
methodology, which acknowledges, which productgizee an item, scarcity, durability, repairability, stoetbility,
most representaﬁve in terms of value-use. demand distribution and stock-out penalty Cost, [@Emo

ABC classification can help industrial marketers iffthers things [11]. To achieve supply chain
three ways: costs estimate of products with sigaift Competitiveness, having accurate data is a crdatbr
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[12]. However, supply chain managers cannot guaeant
the accuracy of the forecasts [9] because the d#&mg
uncertainty and fickle consumers which unwillingwait
for replenishment if a product is momentarily urikakde
[13,14]. Therefore, many supply chain managers oely
large inventory holdings as buffers to reduce fbk of
product unavailability [15], which is not only chsbut
also generates inefficiencies throughout the supipan.

Based on the case study company policies, materi
should be ordered weekly. Therefore, supply cha
management (SCM) supports to manage inter-compa
material, information, and financial flows to caltvely
enhance productivity, performance, and profitapilit
[16,17]. Low costs across the supply chain, in taldito
appropriate customer service levels, is seen asi@at
success factor [18]. Inventory management playga v
role in obtaining a competitive advantage. Heneentlain
objective of inventory management practices isatetthe
requirements at the right time, in the right plagih
minimum cost. This proposal methodology reduce
inventories, predict the demand for all A, B, and (
classification SKUs, for each of the months andum
have money available to invest on those materials w
higher rotation or other special needs that arise.

2 Background

The proper management of assets held within 3
organization can be studied through inventor
management models that is the reason for reseactcina
depth analysis, as they constitute an essential die the
financial statements of any company. Optimizing th
operation and management of these assets to adhieve
fulflment of its function without incurring excese
expenses is the objective of using these models 4
management tools.

Table 1 New paradigms in inventory management

FIELD PARADIGM
Economy of| The requirements of today's
services customers are not merely to

buy products, but to obtain
solutions to their problems.
Companies must offer the exact
combination of products and
services.

E-Economy ICTs can achieve a level o
integration in the activities,
increasing availability, speed of
action, and reaction.

Network Competition is now betweer

economies networks, so cooperation and

competition are now
interrelated. Achieving long-
term relationships and

strategic alliances.

An economy base
on knowledge

d Achieve competitive advantage

through experience.
Companies need more and
better information based on
more sophisticated decisior]
processes.

Responsible
economy

The actors within the economy|
are obliged to consider not only,
their interests but with all their
surroundings.

Global economy

Decision-makers should
consider the global economy
when investing, buying, or
selling, as competitors,
customers, and partners can

come from anywhere.

The three key questions inventory management

attempts to answer are i) How often should the ntory
be reviewed? ii) When should an order be placéd® hat
size should the order be? [19].

The most common objectives when applying
management model are [20]:

The new paradigm is that inventories should nowrbe
integral part of the value chain and in close retehip

with other functions

of the organization, thus baog a

atrategic tool that achieves economic benefit arstiocner
satisfaction, and their performance measures shbeld

» Minimize costs incurred by inventory management; based on their contribution to finding better solug for

L]
savings;

Maximization of internal rate of return on invent
investment;

management;
Ensure flexibility in handling;

Faced with variations
organizations decide to work with safety stocks étiows
them to maintain the level of service that is vitaltheir
operation [21].

Chikan [22] talks about a paradigm shift in busines
different topics, as shown in the below table (€abj.

Maximization of economic benefits, speaking othe consumer than those offered by competitor2{§2,

Customers expect immediate gratification from sigpgl
regarding their requirements, just as they havethdéth
their customers or suppliers, but as Walker [23fest, they

satisfaction of the

Determine a feasible solution for better inventordo not consider a different sourcing pattern. Ttoeeg it is
necessary to make a sourcing plan that ensures the
requirements of retail cust@ner
Regarding the analysis of demand, according to Elgwl

in demand and delayq44], the first step is to understand that therd e a

difference between the real demand for materiadsidrat
is called artificial demand generated from orgatiizeal
decisions. It is taken from the information thahisilable
from customers, as well as the needs of the comipses;
to know the demand from a forecast based on thevbair
of customer demand.
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Walker [23] believes that perfect compliance is one assumed that it is an optimal value of units todspiested
which the right product can be delivered at thétriyice, at the minimum possible cost [29]
time and quantity, meeting the stipulated quatiydards.

So, it is essential to start focusing on makingsesient, . 2(D)(Co)

reliable deliveries that achieve perfect compliaht@vlieg Q"= \I Ch (1)
[24] states that because customer demands arélenatel

highly variable, companies are required to havafatg Where:

stock. Dwivedi and Butcher [25] point out that peop Q* = economic order quantity,

management of information is of paramount importaas D = forecasted demand in the planning horizon,

it can be used to optimize supply chain relatiopshi Co = ordering cost per unit in the planning horizon,

avoiding internal and external problems. Eagle ,[26] Ch= holding cost per unit in the planning horizon.
mentions that while forecasting, it should be cdesd

accuracy of approximately 80%, with variability thean Given that the company studied is a retailer, the
have up to 40% additional, which as a result, gélherate allowable costs will be proportional to the totatdme,
unbalanced inventories and prone to customer ervighich must be considered in its finances, thinkimat if
gaps. Selecting from a variety of forecasting methohe the cost is less than the permissible point,atsofit, or it
one with the highest accuracy plays a crucial oléhe  would otherwise represent a loss [30].

satisfaction of the company's customers.

3 Research methodology

21 ABCclassfication and EOQ_ model i This research was developed in different phases
For the present demand analysis, the ABC mventomgure 1):

classification technique is used, which is defimdan a) Problem statement which describes the actual

inventory control method based on the principleaﬂm_red situation and needs of improvement in the logistics
by Pareto, who observed that 20% of the Italiarufzdfon process

owned 80% of the land used, and later found thist th py information was collected on 52 weeks of sates i
principle could be applied to the economy [27]. BEBC  he company's product portfolio within five branshe

methodology divides the company's sales into Atiose c) ABC analysis to determine those products which
SKUs which represent 15-20% of the inventory andseh represent approximately 80% of the SKUs
profit to the company's revenue is close to 80%; Bh d) Demand forecast of A classification items loakin

classification is for those products that are @ckwith 30- ¢4, 2" maximum error of 10%

35% of the volume and represent 15% of the pradits] e) Inventory management, all active products in the

finally the C class is for 50% of the items in int@ry that portfolio must be kept in inventory, playing a kiactor

contribute to 5% of the sales [28]. _ being able to determine a stock level that balatieekevel
The classic EOQ concept equation 1 is born from thg senice with the costs of inventory and assedatith

minimum intersection of the costs of maintainin@ th maintaining it, without impacting the company'stcéisw,
inventory with ordering costs; in this way, it cdme f) Results analysis for making-decision.

ABC Demand Inventory Results
classification forecast management
Figure 1 Phases of case study
4 Case study faced is resistance to changes in strategiespodhe belief
41 Problem statement that current methods are functioning well, andsitnbt

The case study was conducted in a family business Worth generate higher risk. Hence any improvement
paintings which has many deficiencies due to latk dePresents one of the biggest challenges so that th
knowledge for decision-making of owners who ar&0ompany has higher cash flow with lower inventonyl a

managers of the company. One of the main consdraidpaintaining the service level that has been hansiiece
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the beginning of the company. In the same wayettssthe (service level target of 95%). The purpose of tase

limitation of available working capital, since theduced study is applied ABC classification, forecastingheiques

workforce and resources do not allow innovationdbdéo and EOQ model for increasing the cash flow monémig

made to the process for improvement projects to lservice level.

developed. Furthermore, the company has excess

inventory which generates high unnecessary holdistis 4.2 Data collection

that represent a constraint in terms of cash flod/space. The data collection consisted of retrieving saistohy
According with a company record, lost sales haveom the company’s ERP from the last twelve months.

reached 5% of yearly revenue due to shortagesgh hiHowever, the data showed high variation, so that th

rotation items for the lack of financial capacitygursue sampling period was extended by thirty-six monftfsis

spot projects because of the elevated value ofmaving  sales history allowed to observe correlation aadseality

inventory. Another important implication is for t&n B among similar periods over the years (Figure 2).

or C classification products its expiration dateseed An A-class product was randomly selected to preasent

demand which causes additional fees for disposal ehart that describes the behaviour of the demansdas

dangerous goods. Additionally, the inexistence af apbserved that not all products have the same salitypn

accurate demand forecast and inventory plannigesly however correlation between months over the yesrs i

are impacting service level. Based on talks witk thpretty similar. From below chart, month 12 is the

directors of the company, it is becoming more oftest forecasted value as at the time of the developrmktite
customers do not find the products approximately &% paper.

the times which is the company’s allowance maximum
value to keep a strong relationship with their ke

Sample product: Product 55

500
?5 450
g 400 —2017
o —2018
350
—2019
300
1 2 3 4 5 6 7 8 9 10 11 12
Month
Figure 2 Monthly seasonality over the years
4.3 ABC classification 4.4 Forecasting

The total portfolio of the company consists of more Once the analysis of the forecasts with traditional
than 1500 SKUs, which are necessary to keep imbovg methods of time series (linear regression, simple
and ensure service level. The higher value arafioot of exponential smoothing, Holt-Winters method, simple
a product, the more contribution on the sales & diad moving average, weighted and centred) was cariigdto
therefore it has a better ranking in the ABC. Isvfiaund was concluded that none of the models presentedtses
that only 56 SKUs fit A-class category, represantitose that could approximate the demand of the prodbetsing
to 75% of total sales, in contrast to the C-clagglpcts high errors than the objective established of 10&ble 2).
which represent more than 50% of the portfolio anty The centred moving average had the lowest average
worth 5% of sales. Because of the significant impmac percentage error (MAPE 26%), without reaching the
revenue of A-class products which are the mainddou desired value (10%). However, this method consits
applying techniques that improvement the processeking a group of observed values, calculatingatverage,
logistics for increasing the levels service. and using it as a forecast for the following pegody [32].
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Table 1 MAPE results for time series forecastsffalass products

LINEAR SIMPLE | CENTRED | WEIGHTED SIMPLE HOLT-
PRODUCT REGRESSION MOVING MOVING MOVING | EXPONENTIAL WINTERS
AVERAGE | AVERAGE | AVERAGE | SMOOTHINC
1,...,56 36% 39% 26% 40% 39% 37%

ISSN 1339-5629

For a forecast to be considered adequate, it engab Sndex= Seasonality index for each of the periods in the
to remember that the value of the MAPE must be neem planning horizon,
than 10%, the same value that was established eas th T = Projected tendency year over year,
objective for the analysis developed. Due to the 56 i=1,2,....,n(months),
products of A classification show correlation and j=1,2,.....,myears).
seasonality as well as external factors that ietegvand
motivate customers to buy certain products. For the It is observed that in the months where there are
demand of 52 weeks was applied a seasonal foréwst demand peaks, the index is equation 3 is gresaentalue
knowing the market trend in recent years will make 1 during the months of lower sales concerning tinedast
possible to adjust the amount of material that Wil average, equation 3 will have a value less thavhich is
required in each of the months for the followingipes. the factor between the seasonality compared with th
Within a seasonal forecast, it is vital to consitdleee average demand historical data for perifat each of the
critical components which are: first the level, elhallows items (Table 3).
separating the seasonality of the base values ef th
estimates. In the second place, seasonality, whidh
modify the values for the seasonal variations tat
shown in the estimates and, finally, the tenderatyevthat
will allow adjusting the estimate to the variations model to the category A products within the company
propensities through time [33]. portfolio with an accuracy in demand forecast ofeaist
Once the demand per month has been consolidated 096% (Figure 3), this result is considered highlijaide
the last three years, the average demand is cedduler [34]. Table 4 shows the demand forecast.
each of the months during the period stipulateddpation
2. Subsequently, the seasonality index is obtdioedach
month (equation 3). Afterwards, estimate the annual
demand for the year to be forecast as the prodiict o
equation 4 by equation 5. And finally, obtain fireduct
of equation 5 by equation 3, with this, it is pbésito know
the forecast of seasonal sales.

MAPE for the A-class sample of 56 products yields a
value of 9.18%, so that meets the objective of £0fr in
53 of 56 articles studied, which will allow repliocay the

10%-20%

Good
forecasting

XDy
P = % )
1¢m
—ym, Dy;
Sindex = Yo 3
index %Z;nlei ( )
_Dj
T=5L (4)
D .
Dmonthly = 7] (5)
Where: _ . Figure 3 MAPE evaluation criteria
P = Average demand in the sampled period,
D = Demand in the planning horizon,
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Table 3 MAPE results for seasonal forecasts ofa8BxEKUs
PERIOLC

JUE 1 2 3 4 5 6 7 8 9 1C RS
PRODUCT : | 0.05| 0.06| 0.03| 0.05| 0.02| 0.08| 0.04| 0.08| 0.05| 0.04| 5.12%
PRODUCT : |0.04|0.04|0.14|0.15| 0.08| 0.04| 0.17| 0.11| 0.00| 0.16| 9.39%
PRODUCT : | 0.04| 0.04| 0.04| 0.13]| 0.04| 0.21]| 0.20| 0.06| 0.06| 0.04| 8.72%
PRODUCT : | 0.04| 0.04|0.04|0.12]| 0.04| 0.06| 0.10| 0.03| 0.04| 0.21| 7.36%
PRODUCT ! |0.13]0.11|0.09| 0.07| 0.03| 0.14| 0.09| 0.07| 0.04| 0.04| 8.37%
PRODUCT ¢ |0.04| 0.06| 0.07| 0.05| 0.05| 0.04| 0.15| 0.13| 0.13| 0.07| 7.87%
PRODUCT ~ | 0.14| 0.04| 0.20| 0.01]| 0.00| 0.04| 0.24| 0.09| 0.04| 0.15| 9.69%
PRODUCT ¢ |0.12| 0.09|0.09|0.16| 0.04| 0.11]| 0.06| 0.04| 0.04| 0.04| 7.96%
PRODUCT ¢ |0.07|0.39/0.33|0.14| 0.04| 0.24| 0.04| 0.11]| 0.90| 0.14| 24.20%
PRODUCT 1| 0.02| 0.16| 0.03| 0.08| 0.04| 0.23]| 0.07| 0.15| 0.02| 0.03| 8.32%
PRODUCT 1.|0.16| 0.04| 0.09| 0.15| 0.04| 0.04| 0.11| 0.10| 0.01| 0.17| 9.16%
PRODUCT 1:|0.10| 0.17| 0.04| 0.04| 0.13] 0.03]| 0.02| 0.18| 0.04| 0.04| 8.12%
PRODUCT 1:|0.04| 0.04| 0.04| 0.13]| 0.04| 0.10| 0.04| 0.04| 0.06| 0.04| 5.95%
PRODUCT 14 0.09| 0.00| 0.06| 0.10| 0.01| 0.04| 0.01| 0.29| 0.19| 0.09| 8.71%
PRODUCT 1!|0.10| 0.04| 0.06| 0.13]| 0.04| 0.04| 0.12| 0.15| 0.01| 0.09| 7.82%
PRODUCT 1/|0.12| 0.10| 0.09| 0.17| 0.04| 0.04| 0.06| 0.12| 0.04| 0.07| 8.49%
PRODUCT 1'| 0.04| 0.04| 0.04| 0.36| 0.10| 0.04| 0.04| 0.21]| 0.04| 0.04| 9.70%
PRODLCT 1¢|0.10{ 0.10(0.13]0.17| 0.10| 0.04| 0.10| 0.04| 0.03| 0.10{ 9.23%
PRODUCT 19 0.08| 0.24| 0.03| 0.14| 0.04| 0.08| 0.03| 0.04| 0.04| 0.06| 8.00%
PRODUCT 2(|0.24| 0.13| 0.13| 0.04| 0.04| 0.16| 0.04| 0.10| 0.04| 0.06| 9.99%
PRODUCT 2:|0.10| 0.04| 0.16|0.17| 0.01| 0.13] 0.03| 0.10| 0.10| 0.01| 8.60%
PRODUCT 2:|0.11| 0.04| 0.04| 0.04| 0.17| 0.04| 0.04| 0.33| 0.04| 0.04| 9.17%
PRODUCT 2:|0.04| 0.13| 0.04| 0.04| 0.21] 0.13]| 0.21| 0.04| 0.04| 0.04| 9.37%
PRODUCT 24 0.16| 0.09| 0.07| 0.00| 0.08| 0.02| 0.17| 0.01| 0.15| 0.04| 8.04%
PRODUCT 2!|0.03| 0.06/ 0.11| 0.16| 0.18] 0.10| 0.05| 0.14| 0.08| 0.03| 9.46%
PRODUCT 21| 0.15| 0.13| 0.13] 0.08| 0.02| 0.04| 0.06| 0.02| 0.01| 0.06| 7.11%
PRODUCT 2| 0.10| 0.16| 0.08| 0.02| 0.11] 0.11]| 0.19| 0.06| 0.05| 0.04| 9.16%
PRODUCT 2| 0.04| 0.13| 0.08| 0.08| 0.17| 0.13]| 0.01| 0.16| 0.04| 0.06| 9.15%
PRODUCT 29 0.04| 0.00| 0.04| 0.08| 0.09| 0.43| 0.05| 0.08| 0.03| 0.06| 9.05%
PRODUCT 3| 0.20| 0.01| 0.07| 0.08] 0.06| 0.05| 0.05| 0.12| 0.11| 0.09| 8.49%
PRODUCT 3:|0.16| 0.09| 0.08| 0.04| 0.02| 0.12]| 0.10| 0.17| 0.07| 0.14| 9.96%
PRODUCT 3:|0.16| 0.15| 0.10{ 0.10| 0.21| 0.00| 0.02| 0.16| 0.02| 0.08| 9.96%
PRODUCT 3| 0.12| 0.03| 0.00| 0.02]| 0.06| 0.04| 0.00| 0.04| 0.06| 0.53| 9.05%
PRODUCT 34 0.13| 0.15| 0.10{ 0.10| 0.04| 0.01| 0.06| 0.11| 0.01| 0.01| 7.38%
PRODUCT 3!|0.02| 0.06| 0.13| 0.02| 0.08| 0.15| 0.11| 0.13| 0.19| 0.04| 9.40%
PRODUCT 31| 0.17| 0.05| 0.05| 0.01]| 0.09| 0.03]| 0.14| 0.14| 0.15| 0.11| 9.45%
PRODUCT 3| 0.02| 0.04|0.11| 0.10| 0.19| 0.02]| 0.03| 0.21]| 0.07| 0.04| 8.41%
PRODUCT 3i|0.17| 0.04| 0.06| 0.06| 0.02| 0.10| 0.12| 0.14| 0.21| 0.02| 9.47%
PRODUCT 3!|0.07| 0.10(0.12| 0.11]| 0.13] 0.10| 0.03| 0.01| 0.12| 0.04| 8.35%
PRODUCT 4| 0.11| 0.01|0.17|0.04| 0.10{ 0.11]| 0.15| 0.09| 0.10| 0.04| 9.26%
PRODUCT 4:|0.03| 0.05| 0.13| 0.03]| 0.07| 0.09]| 0.07| 0.12| 0.14| 0.10| 8.31%
PRODUCT 4.|0.13| 0.01| 0.14| 0.09| 0.00| 0.18| 0.03| 0.05| 0.01| 0.00| 6.40%
PRODUCT 4:|0.20| 0.01| 0.09|0.23] 0.11| 0.05| 0.14| 0.01]| 0.10| 0.09| 10.25%
PRODUCT 4.|0.04| 0.10| 0.14| 0.04| 0.11| 0.06| 0.07| 0.14| 0.09| 0.12| 9.17%
PRODUCT 4!|0.01| 0.09| 0.07| 0.26| 0.27| 0.08| 0.06| 0.04| 0.02| 0.05| 9.28%
PRODUCT 41| 0.27| 0.05| 0.19| 0.22]| 0.04| 0.03]| 0.02| 0.04| 0.08| 0.04| 9.91%
PRODUCT 4| 0.21| 0.07| 0.07| 0.07| 0.20| 0.01| 0.00| 0.07| 0.08| 0.07| 8.61%
PRODUCT 4i|0.26| 0.10| 0.15| 0.12]| 0.06| 0.08| 0.04| 0.02| 0.01| 0.06| 8.91%
PRODUCT 4!| 0.08| 0.04| 0.14| 0.03] 0.23| 0.05| 0.05| 0.08| 0.03| 0.16| 8.96%
PRODUCT 5(| 0.05| 0.02| 0.03| 0.01]| 0.22| 0.03]| 0.39| 0.02| 0.05| 0.07| 8.93%
PRODUCT 5:|0.07| 0.03| 0.02| 0.05| 0.01| 0.09| 0.20| 0.13| 0.09| 0.12| 8.12%
PRODUCT 5:|0.04| 0.32| 0.12| 0.10| 0.10| 0.06| 0.03| 0.03| 0.00| 0.07| 8.75%
PRODUCT 53 0.02| 0.09| 0.00| 0.18| 0.08] 0.12| 0.13] 0.06| 0.15| 0.08| 9.20%
PRODUCT 5:|0.10{ 0.12| 0.19] 0.01]| 0.13] 0.04| 0.13] 0.03| 0.24| 0.00| 9.92%
PRODUCT 5!| 0.10| 0.03| 0.08| 0.00| 0.08| 0.02]| 0.01| 0.14| 0.25| 0.08| 7.94%
PRODUCT 51| 0.04| 0.02| 0.15| 0.35| 0.09| 0.13]| 0.01| 0.07| 0.14| 0.02| 10.17%
9.18%
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4.5 Inventory management the closest model is the centred moving averags, avi
For the analysis of the classical EOQ indicated iarror greater than 25%, so its application is niable
equation 1. The following relevant costs are coersid. because its accuracy is only reasonable (Figurdirgg;tly
The cost of keeping each unit in inventory (Ch33 of affecting the level of service sought by the conypan
the selling price (price), the cost to order (Go$8.75 for Although 20% MAPE is considered a good result [3di],
each unit requested and the level of service thatdeen the company's indicators, this is an inadequateevtiat
considered for products in classification A of 95%would not satisfy the needs of its customers, dsasehe
according to equation 6 due to the importance, thesalue of inventory in each period. On the otherchahe

represent for the company. implementation of forecast techniques that consttier
seasonality of demand offers a highly accuratectse
Zscore (0.95) = 1.644854 (6) Calculating demand forecast with error minimum Wwélp

meet the objectives of the company without sadnifjc
Likewise, the total cost incurred in such prodwets ~ service level.

be considered (Table 4), which will allow the comigpan It is observed that despite increasing the numiber o
of EOQ about the forecasts generated which a@¥ders and changing the economic lot size, thengavin
considering the seasonality of the products onrarual terms of inventory value continue to exceed thet ofs
basis. Comparing the costs incurred when using® ordering material. It combined with the lack of imiuim
model (Equation 8) and the seasonal forecast (Euqu@j, order size for most of the products and having anig
the inventory value is 14% lower, this demonstrates supplier, favours the implementation of this imgment.
effectiveness of an adequate estimate for incrgasaish Importance of apply forecast methods, ABC clasaiion
flow. The assumption of using seasonal forecastsiders and EOQ model is demonstrated that the total costs
a weekly order that covers the demand adjustednigo tassociated can be reduced. It is crucial to comghem
period based on the projected monthly demand. Forab classical models with case-specific variables, saghin
any variations that may exist is also considereshfaty this scenario, the selling price had a key role in
stock (Equation 7), taking into account serviceelev replenishment decisions. Before this study, thet obs

(Equation 6) and delivery time. materials was overlooked by the company, resulimg
non-healthy stock levels for products with low dewha
SS=0)(2)VL (7) Beginning with the ABC classification, somethingwier

the company, stakeholders will have the capahiitipcus
_ (D Q Q , their efforts to make sure the top products areapdw
TCroq = (E) (Co) + (M) + (Price)  (8)  ,yailable for their customers and, in contrasty il be
able to carefully follow up those materials thatrad have
TCresy = (Df”“) (Co) + (X&) (ch) + an added value and decide whether it necessargep k
2wk 2wk them in inventory.
(ﬂ) (Price) 9)

254wk

Where:

SS= Safety stock,

o = Standard deviation within the sampled values,

L = Lead time of each product,

TCroo = Total costs related to a classical economic
order quantity considering inventory value,

D = Forecasted demand for the whole planning horizon,

Q = Economic order quantity,

Co = Ordering cost for each product,

Ch = Holding cost within planning horizon,

Price = Selling price for each product,

TCrcsy= Total cost associated with the proposed
forecasting model,

Dy.s= Period specific forecasted demand.

5 Result and discussion

For the case study, it was found that traditioimakt
series forecasting methods are not optimal dudeast
variable nature of the demand in the products. @éhat
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Table 4 Total costs comparison

Annual Monthl T Monthl TC
PRODUCT | forecast M°'.“h'y deman)éj Ul e .SS .Q* i .Of orasrs | 1€ EOQ forecagt Forecast
(pieces) 6 (pieces) (pieces) (MXP) | (pieces)| (pieces)| with EOQ | (MXP) (pieces)|  (MXP)
PRODUCT 1 280 10.74 23 1,533.00 6 5 56 4,25332 29 5,876/18
PRODUCT 2 268 8.97 22 1,533.0Q 6 5 54 4,244.82 15 3,039[40
PRODUCT 3 43 2.19 4 1,533.00 2 2 22 1,697.95 4 810.51
PRODUCT 4 52 3.89 4 1,533.00 3 2 26 1,714.84 9 1,82364
PRODUCT 5 89 5.89 7 1,533.00 4 3 30 2,5637.23 11 2,228190
PRODUCT 6 151 7.53 13 2,173.00 5 3 50 3,627.66 25 7,175/60
PRODUCT 7 60 3.02 5 1,993.00 2 2 30 2,215.14 2 526.57
PRODUCT 8 135 5.99 11 1,945.5Q 4 3 45 3,247.64 19 4,883|45
PRODUCT 9 57 1.85 5 1,473.00 2 2 29 1,660.92 4 778.86
PRODUCT 10 298 5.05 25 1,071.0Q 6 6 50 3,576.p0 28 3,967\67
PRODUCT 11 156 5.23 13 2,173.00 6 3 52 3,633.82 14 4,018|34
PRODUCT 12 54 3.61 5 2,173.00 3 2 27 2,393.77 4 1,148)10
PRODUCT 13 41 1.75 3 2,173.00 1 2 21 2,369.88 6 1,722)14
PRODUCT 14 129 6.61 11 2,173.00 4 3 43 3,600.p4 28 8,036\67
PRODUCT 15 126 4.35 11 2,385.00 3 3 42 3,931./6 13 4,094|75
PRODUCT 16 100 4.27 8 2,385.0Q 3 2 50 2,703.74 11 3,464(79
PRODUCT 17 34 2.22 3 2,385.00 3 1 34 1,385.65 4 1,259)92
PRODUCT 18 50 1.79 4 2,385.00 1 2 25 2,609.92 3 944.94
PRODUCT 19 62 2.54 5 2,385.00 2 2 31 2,632.44 9 2,834)83
PRODUCT 20 37 1.80 3 1,993.00 2 2 19 2,171.98 2 526.57
PRODUCT 21 62 2.25 5 1,993.00 2 2 31 2,218.89 5 1,31644
PRODUCT 22 39 1.19 3 2,185.00 1 2 20 2,378.28 5 1,443)03
PRODUCT 23 28 3.10 2 2,283.00 2 1 28 1,309.83 1 301.53
PRODUCT 24 392 19.14 33 352.50 11 12 33 2,35385 45 2,11291
PRODUCT 25 318 13.08 27 352.50 8 11 29 2,153.81 33 1,549|47
PRODUCT 26 209 13.69 17 352.50 8 9 23 1,760.59 21 986.02
PRODUCT 27 404 13.50 34 497.50 8 11 37 3,024.49 4] 2,709,07
PRODUCT 28 105 5.74 9 617.00 4 5 21 1,706.10 16 1,309/33
PRODUCT 29 363 8.99 30 243.50 6 14 26 1,895.50 33 1,075{13
PRODUCT 30 477 7.72 40 148.50 5 21 23 1,730.R0 43 862.23
PRODUCT 31 370 13.46 31 497.50 8 10 37 2,763.09 49 3,237,66
PRODUCT 32 212 5.40 18 497.50 4 8 27 2,198.84 30 1,982|24
PRODUCT 33 158 6.26 13 497.50 4 7 23 1,921.67 23 1,519(72
PRODUCT 34 185 10.71 15 497.50 6 7 26 1,936.15 21 1,387|57
PRODUCT 35 368 17.33 31 497.50 10 10 37 2,76234 64 4,294.86
PRODUCT 36 170 6.24 14 542.50 4 7 24 2,094.26 26| 1,872|23
PRODUCT 37 216 8.06 18 542.50 5 7 31 2,118.92 29 2,088(26
PRODUCT 38 134 4.88 11 542.50 3 6 22 1,800.Y7 19 1,368|17
PRODUCT 39 113 6.30 9 542.50 4 5 23 1,515.61 20 1,440/18
PRODUCT 40 266 14.34 22 542.50 9 8 33 2,414.06 23 1,656(21
PRODUCT 41 161 8.23 13 454.00 5 7 23 1,762.66 12| 724.06
PRODUCT 42 | 1810 82.80 151 31.50 47 89 20 1,555(12 104 480.B0
PRODUCT 43 | 3041 41.49 253 35.50 24 108 28 2,128|04 195 13304.
PRODUCT 44 192 12.11 16 320.00 7 9 21 1,599.p1 11 469.35
PRODUCT 45 254 9.31 21 320.00 6 10 25 1,783.R7 22 938.69
PRODUCT 46 172 6.51 14 320.00 4 9 19 1,590.87 14| 597.35
PRODUCT 47 693 23.75 58 138.50 14 26 27 1,999,50 71 1,442.46
PRODUCT 48 410 13.71 34 151.00 8 19 22 1,594.33 45 917.17
PRODUCT 49 340 9.90 28 2,404.99 12 4 85 5,393.37 7 2,223|32
PRODUCT 50 | 1524 51.51 127 520.00 29 20 76 5,771/80 99 6,835.1
PRODUCT 51 | 2446 68.47 204 51.00 39 81 30 2,292136 180 1,295.0
PRODUCT 52 | 1607 88.93 134 58.00 50 62 26 1,994/10 1156 933.63
PRODUCT 53 | 2698 38.08 225 40.00 22 96 28 2,131/01 2001 1,B54.5
PRODUCT 54 178 7.12 15 398.00 4 8 22 1,763.01 19 1,006(12
PRODUCT 55 | 5261 126.84 438 133.00 142 73 72 5,391,80 351 06/82
PRODUCT 56 356 34.71 30 509.00 20 10 36 2,81849 10 675.91
139,833.08 120,692.68
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6 Conclusions
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