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Abstract

The aim of this paper is to propose and discudsrarchical multi-criteria spare parts classifioatimethod
developed for inventory management purposes artddtdbrough an intensive case study in an ltalian
household appliances manufacturing company. Iniqoéat, the classification scheme under concelbuitt

on the basis of several key dimensions in an alimiesarchical fashion, resulting in 12 differenasdes of
spare parts, for which varying forecasting and imiegy methods are proposed and tested. The rexfubisr
simulation study demonstrate the reduction of tial fogistics costs by about 20% whilst the sentErget
level is achieved for each of the classes. Evenenimportantly, the proposed approach is simple and
straightforward enough to be understood by compasayagers, thus increasing the probability of its

adoption (in the same or similar form) in other nearld settings.

Keywords. Spare parts management; Classification methoesiadd management; Inventory management,

Case study.
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1. Introduction

Trade of service parts for products like housetaggliances, automobiles and copy machines has grown
into a business worth more than $200 billion woittkv(Gallagher et al., 2005). Spare parts inveesoare
required to be available at appropriate points iwithsupply chain, in order to provide after-sadesvices

and to guarantee the achievement of pre-specitedce targets (Botter and Fortuin, 2000). However,
several factors render demand and inventory managiefor spare parts a very complex matter; among
them: a) the high number of parts managed (CohdnAgmawal, 2006); b) the presence of intermittent o
lumpy demand patterns (Boylan and Syntetos, 20d)0he high responsiveness required due to downtime

costs by customers (Murthy et al., 2004); d) te& df stock obsolescence (Cohen and Agrawal, 2006).

Research on spare parts demand and inventory maeagéas developed rapidly in the recent years with
new results implemented into software solutionsabse of the importance in practice. However, pratti
applications lag considerably behind the relevaebtetical propositions in this area. In particukter-
sales service and spare parts management in thiiextaf durable consumer products (both as far as
manufacturing and selling are concerned) is an draeihas been traditionally overlooked (Cohenlet a
1997; Farris et al., 2005; Cavalieri et al., 20@3valieri et al., 2008). As a result, the manageémen
techniques adopted are often not differentiatethftire ones used for finished products or compongsdd

in production (Boylan and Syntetos, 2008).

Currently, companies’ investments on spare partsagement are tremendous indeed. For example, the
Aberdeen Research group estimated the total mside=for service parts management software at$1/@0
million in 2005 (Aberdeen Group, September 200whver, still much needs to be done in this area. A
pointed out by Boone et al. (2008), for instanaanpanies lack a system perspective and they stifger

weakness of supply chain relationships and thecimacy of demand forecasts.

The fact that a gap might exist in the domains erhdnd forecasting and inventory management between
research and practice has been suggested alsbdryresearches (Van Donk, 2001; Wagner, 2002; $sinde
and Manrodt, 2003 and Perona et al., 2009). Wa@2@02) pointed out thatdespite half a century of
impressive research on inventory modeling ... congsahiave poor customer service despite excessive
inventoriesp. 217" and thatifhcremental mathematical inventory research islikatly to enhance practice,

p. 223", Such a gap exemplifies the need for casdysresearch. However, the majority of contribngio
continue to focus on the development of new metlwodschniques for spare parts management wité &tt

no attention towards implementation related issunesempirical implications.

In particular, an important operational issue inreol in the management of spare parts is that efjcaising
the relevant Stock Keeping Units (SKUSs) in orderfaailitate decision-making, i.e. select approgmriat

forecasting and stock control methods and set @pjgte targets. This issue has been overlookedhen t

2



academic literature although it constitutes a $iggmt opportunity for increasing spare parts alzlity
and/or reducing inventory costs. In a recent ingabn that deals with inventory control relatedues for
spare parts, Dekker and Bayindir (2004) noticed despite the huge literature, developed sincel §¥s,
dealing with this problem, very few studies areualty considering solution implementation and withv
exceptions (Ashayeri et al., 1996; Botter and FortR000; Boylan et al., 2008; Porras and Dekké0&}

case studies are lacking.

In this paper, we are concerned with the designtestihg of a simple hierarchical multi-criteriaasp parts
classification method the purpose of which is taili@ate inventory management and to enable the
differentiation between planning choices accordmgpare parts specificities. The classificatiorthod is
developed through an intensive case study of ageamwhite goods manufacturer. Our contributiomwis

fold: first we discuss in detail the constructidrttee classification framework and the processpaire parts
management re-engineering allowing insights to &@eyl into pertinent managerial factors. Second, we
evaluate the implications of such a framework ia Hame case study organisation enabling the linkage

between process performance and process development

The remainder of our paper is structured as folloiwsthe next Section the guidelines offered in the
literature on spare parts classification are reggwalong with the few contributions in which indigdtcase
studies are conducted. Section 3 describes the samly organisation and Section 4 outlines the
development of the multi-criteria classification thed. The utility of the proposed solution is erigaly
assessed in Section 5 while in Section 6 we paittiee implications of this work for the Operations
Management (OM) theory and practice. Conclusiorsadfered in Section 7 along with the natural next

steps of research in this area.

2. Research background

In this section we first provide a critical revi@fithe literature on issues related to spare mdasssification

(sub-section 2.1) followed by a review of empirisaldies in this area (sub-section 2.2).

2.1. Spare parts classification: literature overview

Spare parts tend to be highly varied, with diffeérewsts, service requirements and demand pattBamdan
and Syntetos (2007). Since most manufacturing ésgdons carry a large amount of items in stockng&o
and Agrawal, 2006), a categorisation of spare pstdsk keeping units (SKUs) should be performed to
determine service requirements for different class®l for facilitating the allocation of the moppeopriate

forecasting methods and stock control policies.

Table 1 summarizes the academic literature condewieh classification related issues for spare gart

management (see Bacchetti and Saccani, 2011)tan2® papers were analysed, 18 of which have gegho
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classification methods specifically developed far,at least applied to, spare parts. The remaipayers
(Williams, 1984; Flores and Whybark, 1988; Partavdl Anandarajan, 2002; Ramanathan, 2006; Chen et al
2006; Zhou and Fan, 2006 and Ng, 2007) deal wiggrmnittent demand items in general. (At this pauet
should note that spare parts are known to be deaised by slow or intermittent demand structutiess the

relevance of this latter part of studies to oueagsh.)

Methodology
Criterion Quantitative| Qualitative
Author(s) Year Mono Multi
criteria | criteria s o <
2 § s 8 S ol 5o
el g | 88L| 33|89 9 > 2| 2| 2
21§l 828 8| 28 3 ol 8| 3|8
< 2 5 o < s a2l & a @
| 2| " 8 5
[ ~
Gelders and
1978 X X X
Van Looy
Williams 1984 X X X
Duchessi et al. 1988 X X X X
Flores and
1988 X X X X
Whybark
X Part
reliability,
Yamashina 1989 X X ) y X
Life cycle
phase
Ernst and
1990 X X X X X X
Cohen
X Part
Petrovic and weight,
. 1992 X X X X . X
Petrovic Repair
efficiency
Gajpal et al. 1994 X X X
Nagarur et al. 1994 X X X X
X Part
Huiskonen 2001 X X X X o X
specificity
Sharaf and X Life cycle
2001 X X X X X X
Helmy phase
Partovi and
. 2002 X X X X X
Anandarajan
Braglia et al. 2004 X X X X X X
Eaves and
. 2004 X X X X
Kingsman
Syntetos et al. 2005 X X X
Ramanathan 2006 X X X X X X
Zhou and Fan 2006 X X X X X X
Ng 2007 X X X X X
Boylan et al. 2008 X X X




X Part
Cavalieri et al. 2008 X X X X X X
specificity
Chen et al. 2008 X X X X X
Chu et al. 2008 X X X X
Porras and
2008 X X X X X
Dekker
Persson and X Life cycle
. 2009 X X X X X X
Saccani phase
Syntetos et al. 2009 X X X

Table 1. Overview of the main contributions in thearea of spare parts classification (from Bacchetti
and Saccani, 2011)

From Table 1 is possible to notice that among tlopgsed criteria, the most popular ones are thiecpsat
(unit cost or inventory cost) and the part crititgalboth reported in 15 contributions. Other prego criteria
relate to supply characteristics such as the reghierent lead time, supplier availability and riskrnmn-
supply (12 references), demand volumes or valuer¢t&ences) and demand variability (8 references).
Finally, some more criteria identified in our liggure review are: the part life cycle phase, rdltgband

specificity.

Table 1 also reports the classification techniquegposed by the reviewed studies. Such techniqagsha
categorised as either quantitative or qualitatimenature. With regards to the former category, item
classifications based on traditional ABC approaches suggested by 10 contributions. In additiomeso
papers propose a purely demand-based classificidliams, 1984; Eaves and Kingsman, 2004; Syteto
et al., 2005; Boylan et al., 2008). Yamashina (3988poses the definition of product-still-in-useaqtity
curves and service part demand curves as inputspire parts classification. Nagarur et al. (1994
Porras and Dekker (2008) propose a hierarchicald 3 -) dimensional quali-quantitative classifioa.
Finally, Ernst and Cohen (1990) apply the OperaiRatated Groups methodology, based on a clustering
technique, while Petrovic et al. (1990) and Petrarid Petrovic (1992) propose an expert system icingo
the determination of failure rates and fuzzy lodie. contrast with quantitative techniques, qudirat
methods attempt to assess the importance of kegpeng parts in stock, based on information releid¢te
specific usage of spares and to factors influencihgir management (costs, downtime, storage
considerations, etc.). Gajpal et al. (1994) prop$&D (vital, essential, important, desirable)ssiéication
model based on the use of the Analytic Hierarchioc®ss (AHP) procedure. Similar, although more
articulated, are the approaches proposed by ShachfHelmy (2001) and Braglia et al. (2004). Finally
Huiskonen (2001) and Cavalieri et al. (2008), altfiothey do define classification criteria, do poipose a
specific technique for classifying spare parts atiog to the criteria under concern. They rathealyse,

qualitatively, various requirements for the effeetiogistics management of a large variety of sparés.

Bacchetti and Saccani (2011) observe that litlengibn has been paid to identifying the contextvhrich

one criterion may be preferable to others. Tha very important issue and one that has been wngbersed
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in the academic literature. (Boylan and Syntet@982 for instance, suggest that part criticalitgrae more
appropriate for technical systems rather than eondyrts used by customers.) In addition, studies th
consider the comparative benefits of various apgres to classification (e.g. ABC vs. other techagjuare

also lacking.

2.2. Spare parts classification: industrial case studies

As pointed out in other academic contributions (Bekand Bayindir, 2004; Nenes et al., 2010; Systeto
al., 2010), very few papers propose and discus®pleeationalisation of classification methods afffgro
managerial guidelines through industrial case stidn fact, many among the papers analysed ireThaldb

not pay any attention to the practical applicapitif the proposed classification techniques; aspsgth as
data availability, implementation algorithms, corgional expense, classification update, solution
sensitivity to threshold values or judgmental atpece treated by a few papers only (Huiskonen1200
Boylan et al., 2008 and Syntetos et al., 2009).ddwver, only Gelders and Van Looy (1978), Nagarial.et
(1994), Eaves and Kingsman (2004), Boylan et &082, Porras and Dekker (2008), Persson and Saccani
(2009) and Syntetos et al. (2009) report clasgificasolutions that have actually been adopted by
companies. This shortage of empirical papers raflagap between theory and practice in the arspak

parts management, as discussed in Section 1.

In the remainder of this sub-section, we discugaane detail some case studies selected due fatchthat
they represent situations similar to the one adeéckdy this paper. Indeed, they deal with sparés par
management in manufacturing companies servicinectly, or through a third party network, an insdlll
base of durable products geographically disperSiegidrur et al., 1994; Kalchschmidt et al., 2003s8en
and Saccani, 2009; Syntetos et al., 2009), or vgatdes or distributors selling a large amount e with
irregular or lumpy demand to a large customer l{ismes et al., 2010; Syntetos et al., 2010). Thesef
cases reporting spare parts and MROs (maintenamair and operations) materials management
methodologies in a single company for its own potidin systems (e.g. Gelders and Van Looy, 1978p&aj

et al., 1994; Porras and Dekker, 2008; Cavaliedl e2008) are not considered since they do notimtte
scope of this study. In fact, these cases reftedionical systems (rather than end-user produstsl) also to
situations in which spare parts customers areriatdo the studied organization (plants, productines or
equipment). In this kind of situations, spare partanagement may rely on a very large amount of
information available within the organization (efgult history, equipment usage data) on the planmif
maintenance activities and on a greater coordinatial information sharing between the internalamsts
and the spare parts inventory managers. This itui very different from the one related to tlase study
organisation that will be presented in section églihg with durable consumer goods and a multi4eche

supply chain, as discussed above. The cases ameasized in Table 2.



Paper

Company

Classification

Demand and inventory
management

Implementation effect

Nagarur et al.

Mainframe and PC

Based on supplier
criticality and part

Fitting of three demand
forecasting models

Inventory cost reductior

(1994) distributor value (4 classes) Re-orde_r point, _
economic order quantity
for all classes
Kalchschmidt et | White goods No SKU SES for regular series | No actual
al. (2003) manufacturer classification, but | and modified Croston | implementation.
demand filtering (1972) for irregular ones Simulation showed
reduced inventory level
Order-up-to levels
Persson and Construction Multi-criteria: Differentiated for the It was being
Saccani (2009) equipment lifecycle phase, various classes implemented at the time
manufacturer criticality, demand of the study
volumes, Vendor Managed
competition Inventory (VMI) with
European dealers
Syntetos et al. Consumer ABC based on Differentiated Improved order fill rate
(2009) electronics demand value forecasting and with significantly
manufacturer inventory management | reduced inventory costg

for the three classes

Nenes et al.
(2010)

Distributor of castors
and wheels

No SKU
classification, but
demand
distribution fitting

Forecasting according t
a Gamma or Poisson
demand distribution

Periodic review
inventory policy with
order-up-to levels

D Lower inventory costs.
Obsolescence
phenomenon addresse

Higher visibility and
awareness about the
management process

]

Syntetos et al.
(2010)

Industrial valves
wholesalers

ABC SKU
classification based
on profit

contribution

Syntetos-Boylan
Approximation (2005)

Reorder point, economi
order quantity policy,

Inventory cost savings
of about 40%

C Aggressive write-off
strategy for obsolete

with periodic review

items

Table 2. Overview of the case study contributions

The papers in Table 2 report actual implementatiohshe described methods, with the exception of

Kalchschmidt et al. (2003). This paper was nonesgincluded in this review because it reportssa é@m

the same industry we refer to (white goods), prisgrthe same supply chain characteristics (nunaber

echelons, type and numerousness of customers fmohation-sharing problems).

Nagarur et al. (1994) designed a computer-basednmaition system for spare parts inventory managemen

purposes in a company selling mainframe and persmmaputers and their accessories. The company was

also undertaking repairs and replacement of comgeng@lirectly or through third parties), handling i

inventory more than 20,000 SKUs. Prior to the sofutdevelopment and implementation, inventory

management was carried out manually, based onierper



The researchers developed a SKU classificationdbasesupply criticality and cost, resulting in falasses:

A) parts procured overseas only, with high unittcB$ parts procured overseas only, with medium-iovit
cost; C) parts available locally, with high unitstoD) parts available locally, with medium-low tigbst.
The choice of the forecasting method for each Skidd performed by the system after testing the acgura
of three alternative methods, over past demand d&t@ methods were: i) a reliability-based foreicast
method (based on reliability information of each in-use quantities and age of items in use)aii)
regression method, that forecasts the demand ¢f 8&tJ by regressing the demand on the number of

finished product units in the market; iii) a moviagerage time-series method.

Subsequently, for each SKU, the system determinesasder point and a re-order quantity. The resord
point is calculated by adjusting the average léad-tdemand by factors related to the part value and
criticality, the demand variability and supply urtenty, according to a methodology termed as Bagsn
Factor Index (Hoyt, 1973). The re-order quantitycaculated based on the classical Economic Order
Quantity (EOQ) model. The implementation of theomfiation-based system in the company resulted in a
significant reduction of inventory costs and in thgorovement of the timeliness and quality of iney-

related information that facilitated improved magamgnt procedures.

Kalchschmidt et al. (2003) present a case studg gpare parts business unit of a major white goods
manufacturer located in Italy. The case involvesudti-echelon supply chain, in which the direct gamy
customers are not the final product users, bueratpair shops, importers, wholesalers and swygedi of

the case company. Kalchschmidt et al. (op. cit.pleasise the importance of customers’ differencea as
source of lumpiness. In fact, the different rolesl ssizes of the customers deeply affect the sizk an
frequency of orders. The researchers suggest saggliegation of the overall demand into two comptse

a stable component of demand, generated by manil enders which are continuous in time, and an

irregular component, generated by few large ortetscreate sporadic peaks, as shown in Figure 1.

For the purpose of separating the two componendgmwiand, they use a filtering system. Then, foistable
component of demand the use of Single Exponentrdshing (SES) is proposed along with an ordereup-t
policy for inventory management. For the irreguart, instead, the authors develop an ad-hoc fetiaca
method based on Croston’s method (Croston, 19i2hi$ case, the forecasts feed into an inventongrol
system, where a replenishment order is placed dicapto the forecast and to the probability of datha
occurrence (i.e.. a replenishment order equaléddhecasted quantity is issued if the estimatethadoility

of a demand peak occurrence in the lead time tsehithan a threshold value).



DEMAND

QUARTITY
&

a, o & B
|
|

o
==

208

REGULAR SERIES IRREGULAR SERIES

e B 3

™
8 =

QIFAMTITY
¥ ¥

= B

[

1 " R, T
o tiadonds nkoslbglo dah Lo aann oo L[ )
TRRPAREYEINRASEERAELRREYIEEEERS Lol AR FERIRIGIEETRASTIEESZARE

..............................

18

Figure 1. Disaggregation of demand components (adtgal from Kalchschmidt et al., 2003)

Subsequently, a simulation study was performed eoimg the new solution against the current situaiio
the company for two different service level targdtse simulation that was carried out over 1,214JSK
showed a reduction of the inventory levels by alm@® and 69.5% for a target service level of 83% a
95% respectively. Finally, the authors also eva&déahe possible benefits of advance demand infoomat

provided by the few large customers (mainly) resjida for generating the irregular part of the decha

Syntetos et al. (2009) present a case study dEtinepean spare parts logistics operations of a&anese
electronics manufacturer. The firm distributes spaarts to the European market, supplying 13 Ewaope
local warehouses. Each warehouse kept in stockn@ghs of average demand and classification wasgak
place according to an ABC method by volume. Stgrtorm this situation the company set up a prdiject
the centralisation of stocks along with the reagunfation of the demand management processes (fcusi
mainly on demand classifications related issuelsg dverall objective was to reduce logistics cbst$0%

and increase considerably the hit-ratio (orderdite) across Europe.

The proposed solution is implemented in 3 step® fiitst step relates to spare parts classificatidme
proposed solution is very simple, performed esabytthrough a Pareto evaluation of the demandejalu
obtained as a combination of SKU cost and demaridm& The second step relates to the proposal of
appropriate forecasting and inventory control mdghd3efore the project, the firm replenished spasssg
re-order points, supported by a 6-month moving ayerforecasting technique with judgmental adjustmen
In order to differentiate the approach accordingaas classification, in the new solution differeaview
periods and forecasting models were defined, aarsho Table 3. For B items the forecasting methas w
selected by the information system based on afgaethods available and according to the minimisaof

the MAD (mean absolute deviation). For C itemsxansonth moving average was selected.



Category Review period Forecasting Control method Gntrol processing
A Week Judgmental Re-order point Manual

B Two weeks System Re-order point Automatic

C Month Manually set Re-order point Automatic

Table 3. Forecasting & stock control for the spargarts classes discussed by Syntetos et al. (2009)

Although very simple in nature, the new spare peldssification scheme allowed the company to focus
managerial attention to the new A class SKUs (reddcom more than 1,000 in the previous classificat
to 108) accounting for almost 80% of demand valilge implementation of the new method resulted in

dramatic decrease of the inventory costs whilstisedevels targets were met.

Persson and Saccani (2009) describe the case ofofotlee world’s leading manufacturers of heavy
equipment. A hierarchical multi-criteria spare pasfassification method has been adopted by thepaom
based on:

» Life-cycle phase of the related final produparts are grouped in four categoriésuich prime
decline and phase oyt according to the number of years for which thaalfiproduct is being
manufactured, or the time passed since its prooluetnded.

* Volumes parts belonging to the prime, decline or phagecategories are classified as fast moving,
medium, or slow moving, based on the demand optaeious year.

» Ciriticality (high or low) determining the required service level: three s#asof critical parts exist
(main components/subsystems, subcomponents anduéswturable parts).

» Competition this dimension is used only in the ‘launch’ ljeé phase, in which volumes are
generally low. ‘Competitive’ parts are the onesikade also in the independent market or from

competitors, for which a high service level is rebtb compete in the market.

Lifecycle phase LAUNCH PRIME DECLINE PHASE OUT

Fast-movers: continuous review policy withMoving’ Parts:

safety stock and re-order point (96% to 99%dake-to-order or

target service level) purchase-to-order

policy, with no
safety stock and re-
Re-order point (s) order point equal to

) policy with safety zero

Inventory policy stocks (s, Q): @ the

order quantity Medium and slow Medium and slow No-movers: not

movers:  re-order movers: re-order point serviced
point policy with policy with no safety

safety stocks (90% stocks (back-orders are

- 94%  target tolerated)

service level)

Table 4. Inventory management policies for the difrent spare parts classes in the case described by
Persson and Saccani (2009)
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The hierarchical combination of these criteria eaml26 different classes (see Persson and Saogarmit.).
This classification is used by managers to defireerequired service level of the parts (availapidit the

warehouse) and the inventory management policieparameters, as summarized in Table 4.

The customers of the central warehouse(s) are segienal warehouses and the European dealers. The
company decided that fast-moving parts with mediadow-value should be kept in stock at the dealers
premises or at the regional warehouses. For thags, ghe replenishment is managed directly by the
company through vendor managed inventory (VMI)r $low moving parts, dealers do not hold stocksthu

urgent deliveries are required.

Nenes at al. (2010) present a case of a small Gliséloutor of castors and wheels with a rangalwfut
3,000 components, bought from 28 different supplidfenes et al. (op. cit.) develop and apply ay-&as
use inventory control system for lumpy demand itefte authors move from the observation that, éfven
researchers may propose sophisticated methodsecaki or manage demand, in real contexts the whetho
utilised are limited to the implementation of a féasic and generic tools, such as traditional fxstcg
techniques or the computation of the economic ogdentity. The inventory control system is basedaon
periodic review order-up-to leveg) inventory policy R, S), the review periodR depending on the supplier
characteristics. The authors implement a decisippart system based on the following steps:
1. Selection of data input for each SKU (review periedd time, target fill rate, demand history);
2. Check for sufficiency of demand data: simple pebciare proposed for SKUs with insufficient
demand data;
3. Demand analysis: checking the goodness-of-fit ef@amma and Poisson distributions (the former
for faster-moving items and the latter for the ®osmnoving ones);
Search for demand data outliers;
Computation of base stock levels for each SKU pddind other characteristics (expected demand,

coefficient of variation, average stock-on-hand).

The proposed decision support system is integnaittin the company’s information system. The eféeot
the project acknowledged by the company managers ar
» The rationalisation of the procurement proceduresamore systematic, objective and transparent
stock management process;
» A better understanding of demand characteristidsalative importance of different SKUs;
e The identification of obsolete SKUs;
* The reduction of inventories, for a given servieed;

* The reduction of urgent orders to suppliers anasgrartation costs.

Syntetos et al. (2010) address the case of a wdiletesf industrial valves. The company sells mdrant

2,000 SKUs which are primarily stored in the waredeready for dispatch. The company’s supply b&se i
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guite vast, given the wide range of items availabli#s catalogue. The planning system prior tophgect
was based on manual stock control, with a perioeiorder point type system. This procedure was not
formalised and relied on the skills of one singéeson. For instance, the order quantity correspibmhalé¢he
average demand over a number of weeks — the nunabdseing readily available; similarly, the re-arde
points were arbitrarily specified, with new SKUstreven having a suggested re-order point. The new
implemented solution described in the paper diduiole demand classification but only for the purpoke
demonstrating to management the distribution of SKiith regards to their contribution to profit asllxas

the tremendous opportunities that existed for gurgp a large number of obsolete SKUs. Since a
considerable proportion of SKUs showed intermittefgmand, the Syntetos-Boylan Approximation
(Syntetos and Boylan, 2005) was used for demaret#sting; this was in conjunction with a perioghe
order point §) order quantity @) (s, Q) policy that matched, conceptually, what was presiy in place, but
obviously through a rigorous and much more fornmdligation. The application of the nhew methodology
(for a target service level of 95%) led to expectedentory-related cost savings of about 40%. That
beneficial performance was accompanied by thedotttion of an aggressive write-off strategy for abte
SKUs that was perceived of equal importance by rti@nagement of the company to the very new

procedures.

In summary, the literature review presented abowdicates that simple but carefully designed and-wel
informed solutions for spare parts may offer sutitdh benefits in terms of cost reduction, servieeel
improvement and increased transparency of the towemanagement methods. This further demonstrates
the previously discussed discrepancy between thaodypractice of spare parts management according t

which the latter follows considerably behind therfer.

3. The case study organisation

The case study presented in this paper refersetehre parts business unit of one of the maingeam
white goods manufacturers, whose headquartersnaitaly. The company sells and delivers white goods
appliances and spare parts all over the world,thadusiness unit provides after-sales servicesawy

management, spare parts distribution and repairces; through several external repair centres.

Prior to this project the company was not adopangtructured approach to spare parts management and
most planning activities were executed in a nomedised fashion. Therefore, the aim of our intetien
was to evaluate a wide range of potential improvema spare parts management through:
* The development of a sound methodology specifiaa@lgted to spare parts but that would be easy
enough to be understood and implemented by managgme

» The measurement of the benefits achieved throwgpdtential adoption of the new methodology.

12



The expected outcome of the intervention was tleatitication of a practical and cost-effective wafy
managing spare parts, for the case company corsid@he re-engineering of the current management
process may be divided in three different phagespare parts classification; ii) demand forecastand iii)

inventory management.

3.1. Current scenario

The spare parts distribution logistic network & tompany is arranged on two levels, as shownguargi2.
The main spare parts warehouse is located neanMikxt to the company’s headquarters. It suppléats

to all over the world, through a complex networksabsidiaries, importers, wholesalers, and repaitres
located close to end customers in the differentketar The central warehouse supplies directly femtift
kind of customers: i) three subsidiaries locate®jrain, France and UK; ii) importers and wholesakdt
over the world (more than 700 during the last 5gkgdii) repair centres all over the world (mohah 3,500
during the last 5 years). Our study focuses onntaén warehouse, since the long term objective ef th
company is the centralisation of the spare patigtidution. At that location the company managbew
90,000 different SKUs. However, during the laseans only about 40,000 SKUs were sold.
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Figure 2. The service network of the case study ocagization

The planning mechanism before the implementatiothisf project was the following. Parts’ planningsva
carried out twice a month, through the support sbfware solution that is not integrated with Breerprise
Resource Planning (ERP) system utilised by the emypAll the parts were managed in the same fashion

(i.e. no classification modelling was in place)eTdnly differentiation criterion was technologyesried and
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grouped together all the components with the sametibnality. However, this clustering bears onlitide
relevance to logistics priorities and requiremeAss.a consequence, forecasting approaches weraaihso
differentiated; they were based on Single Expoaéfimoothing (SES) that nevertheless is known ti@isu
from bias related problems in the context of iniélent demands (Croston, 1972) such as those wmagr!
the spare parts considered in our case. With regardtock control, demand data and current stewéld
were utilised (in a black box fashion as far asithentory managers were concerned) for the purpbse
proposing purchasing quantities. Table 5 summarikesmain aspects of the pre-project management

process, in order to underline possible opportesitor improvement.

INVENTORY RELATED ISSUES| DESCRIPTION

o Undifferentiated approach to demand forecastingianentory
Classification )
management. Planning through manual controls

Target / performance assessment Not formalised
Information sharing Absent, both with subsidiad@sl customers
Information management Manual control of data

Table 5. Main inventory management characteristicbefore the development of the case study

4. Solution development

In this section we discuss the development of eop@sed solution. First, we elaborate on the metloay
utilised for the purposes of our research. Subsetyessues related to SKU classification are a$sed and
a relevant scheme is developed that captures aerushimportant criteria. This is followed by thelection

of appropriate forecasting and stock control mestfod each of the resulting categories.

4.1. Working framework

The proposed approach constitutes a multi-critetéssification scheme that suggests how to forecast
demand and how to manage inventories for eacheofabulting categories. First an appropriate fraankw

is developed that provides a range of options imgeof forecasting and stock control for each af th
resulting categories. This is followed by a simiglatstudy that aims at the formal comparison ofsjine
candidate solutions for each class for the purpokeselecting one. This is linked to performance
measurement for each of the classes expressedumber of Key Performance Indicators (KPIs). Finall
another simulation exercise is performed that assethe empirical utility of the proposed solutiamd
analyses its comparative benefits with regardshe® ¢urrent practices employed by the case study
organisation. In this section we solely focus oa tlonstruction of our solution whereas its empirica

performance is analysed in the next section. Inesorare detail our methodological approach is devd:
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I. Framework development

Specification of a hierarchical multi-criteria clagication model for spare parts managemdnts
necessary to identify and select all the dimendaiteria that may influence logistics-related
choices about forecasting and inventory managem€me hierarchical combination of these
dimensions constitutes the classification methdek dpplication of the classification method allows
parts to be clustered in homogeneous classesno$.ite

Specification of the forecasting method — invenfmlicy combinationFor each class it is possible
to select from more than one possible approach flan a theoretical point of view, should be

expected to lead to a good stock control performanc

II. Simulation study

Selection of the best suited policy for each ca=rding to a simulation of different alternatives
When many policies are theoretically viable, a chas being made by means of simulation that
compares performance for various KPIs as well aztsts and benefits associated with each policy.
PART2>CLASS?POLICY associationThis phase addresses the association of each gperwith
one specific class and subsequently a specificésteng method and inventory policy, both in terms

of model and parameters setting.

lll. Analysis of performance

The last part of our project (outlined in the ngattion) consists of a comparison, conducted throug
simulation, between the current performance andtigeresulting from the proposed approach; this

allows the quantification of the overall expecteshéfits.

Our approach is graphically depicted in Figure I3e Tsub)section where each of the phases of ojgqbrie

explicitly considered is also indicated.

N
Identification of hierarchical multi-criteria clafisation model, 4.2
Framework
>
v development
Identification of forecasting methods/inventoryipis, 4.3
J
: \
Selection of the suited policy for each class, 4.5
Simulation/
Evaluation
Part=> CLASS—> POLICY association, 4.5
J
Analysis of
Performance assessment, 5
performance

Figure 3. Working framework
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4.2. SKU classification

The proposed classification method originates enpitemise that the underlying demand pattern igj@m
determinant of the logistics requirements of a spaart. Demand classification has been shown to lin
directly to forecasting and stock control decismaking; in particular the average inter-demandruatie(or
correspondingly the frequency of demand occurreand)the variability of the demand sizes (when deina
occurs) — typically expressed through the squacadficient of variation of the sizes — have beeavah to

be important from a theoretical point of view (Sstak et al., 2005). However, Boylan et al. (200Wveed
by means of experimentation on a large empirictdlise of a software manufacturer that the lattErion
may nhot necessarily be important in an empiricttirgg On the contrary, the average inter-demaiehial
not only is relevant in real world practices butliso a very insensitive criterion with regardghe cut-off

value assigned to it.

Following discussions with the company the demaatlepn analysis relied on a 2-year history and the
consideration of weekly and monthly time bucketsaasalternative to the currently employed bi-weekly
reviews. With regards to the length of the selfad became available to us, two years was judged tong
enough to appreciate variability related issuedentiaking into account the fast changing environnoérthe
Industry under concern. However, for several pdwsanalysis of the corresponding demand pattemsat

be carried out since there is not sufficient higtdrhis may be due to several reasons such asetentr
introduction of an item, its dismissal or a verwfeumber of overall orders received. In this lastec(and as

it will be discussed later in more detail) we ada@ptpurely reactive approach without parts demand
forecasting. Moreover, further discussions with toenpany’s managers revealed, as expected, that oth
factors (such as the target service levels or difetys stocks) may considerably influence logistiesisions.
Consequently, the demand pattern analysis needppesnented by other criteria. Such criteria, alaiiti
their cut-off values (where applicable) have beetided after consultation with the company’s mansaye

and they are outlined in Table 6.

LOGISTIC

CRITERION CONSEQUENCES / EFFECTS ALTERNATIVES THRESOLD VALUES
Sales cycle Demand forecasting; Three phases: 6 months from the firs
phase Inventory management Introduction order -18months from the
In-use last orders.
Dismissed

Response lead | Stock — Non stock decision making > or < replenishtk T | Variable
time to

customers
Number of Stock levels They may be deemed as3 orders received during the
orders Sufficient last 2 years
Not sufficient
for the purpose of
evaluating a pattern in
terms of demand
frequency
Demand Demand forecasting; High frequencyfast); Average Demand Interval
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frequency Inventory management Low frequency (ADI) value according to
(intermittent) Syntetos et al (2005) (ADI|
=1.32) evaluated during th
2-years demand history.
Part critically Service leveb Safety stocks Aesthetic Classification based o
Functional company’s input. Datg
available to us allows th
separation of the part
according to their relevang
in the finished product’s
functionality.
Part value Stock levels; dimensioning |ofow; 5€
purchasing and inventoryHigh
management  parameters  (e.g.
order-up-to level quantities)

Table 6. Criteria employed in the proposed classitation scheme

[}

o n D 2>

These criteria are subsequently discussed in meiesl.d

1. Sales cycle phas&ometimes the evaluation of the underlying demaattern is not possible or is not
useful. In the presence of a new spare part (sparescently introduced products or new sparesfistent
products), historical information is obviously rentailable and this suggests the utilisation of r@dasting
approach that is not based upon a time series nmdefather on causal techniques. Similarly, whean t
demand series consists only of zero demands, depwttern analysis is not relevant. In terms of shkes
cycle phase (Figurd) an item is considered to be in tiéroduction phase when the interval between the
moment of evaluation and the moment in which thst fcustomer order was received is shorter than
months. On the other hand, when the time betweerewaluation instance and the receipt of the vasy |
order is larger tham8 months the spare part is classifiedésmissedsince demand in the las® months or
more has been zero). All the other parts are ¢iedsasin-use The criterion of sales cycle phase is relevant

(as it will be discussed later) both in terms aihnded forecasting and purchasing /inventory manageme

EvALUATION
DATE (TODAY)
IN-USE o DISKISSED INTRODUCTION FIRST ORDER
-6 E DATE
rnonth . . v
& months
LISEASSED IMTRODUCTION oF IN-USE l LAST ORDER
T- 19" f DATE
rnonths \ v A
18 months

Figure 4. Sales cycle phase considerations
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2. Response lead time to customeftdis criterion affects the decision of keepingnat inventory for a
particular spare part. That is to say, the mainpmment of delivery lead time (LT) is representedtty
replenishment LT (lead time of receiving an ordeced to the suppliers). As such, when the respbiise
larger or equal to the replenishment LT it is netessary to keep inventories. The company’s suppdie
located all over the world and the replenishmens lafe on average 1 month for Italian suppliers &nd
months for other non-European suppliers. Becausaverage the response lead times are less thays3 da
for repair centres and about one week for subsgdiait is evident that is necessary to respondetmand
from what is available in stock. For these reasions only for some dismissed parts that the corgpan
suggests the possibility of satisfying demand framtter; in these cases the quantification of theoroer
service level is not relevant. As it will be dissed later in this paper, these items are very felead. In the
remainder of the paper, when we refer to servigel leequirements for dismissed spare parts we irtiy

demand is to be satisfied from stock.

3. Number of ordersFor some items customer requirements arrive vpoyaglically. Consequently, it is
possible that some spare parts are demanded oody antwice over the period of several years. Esth
cases a time series forecasting method may nosdéx@ and only a totally reactive approach is possitihe
threshold value for this criterion is set to 3 gedduring the demand history; this follows from thimimum

number of demand occasions required to calculatevarage Demand Interval (ADI).

4. Demand frequencyBoylan et al. (2007) showed by means of experiatent on the system employed by
a software manufacturer that the ADI criterion igeay robust one for differentiating between alégive
demand patterns. The researchers demonstratedii@thpj the insensitivity of the ADtut-off value, for
demand classification purposes, in the approximeigel.18-1.86 In this work the ADI cut-off value is set
to 1.32 review periods following the work conducted by f&jos et al. (2005). For each eligible item the
ADI value is calculated considering the last 2-geaf the demand history. This criterion has imparta

implications both for forecasting and stock control

5. Part criticality. The functionality of a spare part determines iiscality and this affects the service levels
offered to customers. In particular, the compankesaa distinction between aesthetic and functipaals

(more critical), and asks for different servicedisvand safety stocks for the two categories.

INTRODUCTION IN — USE DISMISSED (cLass 11)

Functional| Aesthetic| Functional| Aesthetic| Functional| Aesthetic

Target service level (service hit
fi0) 95% 95% 95% 90% 90% 90%
ratio

Table 7. Parts’ criticality related targets in relation to the sales cycle phase
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This criterion affects the setting of a target sarlevel expressed, following the company’s sutiges, in
terms of theservice hit ratio that is the percentage of orders satisfied dirdobm stock in hand. As it is
shown in Tablée7, the company wants to assure different hit refosliffering functional purposes and life
cycle phases. Also, and as discussed above, tHeamn of a target does not concern all the désed
items.

6. Part value The cost of an SKU influences the overall inveptoolding cost. The unit part value is used
in order to dimension the parameters of order-u(dT) level policies: for high value parts the Olgvel
is lower than that set for low value parts.

No other criteria are explicitly considered at thiage for classification related purposes. Sudeasion
reflects the number (and nature) of criteria thanagement would feel comfortable with. Other imaitt
factors such as the supply lead time and its véitiand the demand variability will be further msidered

in the calculation of safety stocks, when suchxarase is required.

Having selected the criteria that collectively (be¢n the company’s management and the researdrers)
judged to be the most appropriate for the purpdselassifying spare parts, those are then applied
hierarchically in order to define homogeneous @assf items. The result is a hierarchical multiesia
classification model; in particular the model prasethe combination of the six relevant dimensions,

allowing the identification of 12 spare parts maragnt classes, as it is shown in Figure 5.
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Figure 5. The proposed classification model
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Looking at the classification solution, it is pdsei to notice that not all criteria affect necesgahe final
proposed classes. For instaingoduction codes are characterised by definition by a vewy mumber of
orders. Therefore, neither the number of orderstim@rdemand frequency is considered. Similarlyphe
criticality is also not taken into account since tompany opted for a set target service level58b $or

every SKU in this category regardless ofaestheticor functionalusage (see also Table 6).

For In-usespare parts with an overall number of orders lothan 3, the suggested management policy is
based on a reactive dimensioning of the inventad/does not consider the use of safety stock thadtamot

be dimensioned because of the data shortage; sidgqpart criticality (that affects decisions safety
stock dimensioning) becomes also irrelevant.|IRarsehigh demand frequency parts it is shown latehen t
paper that the preferred way of managing ordetbeadixed EOQ model; in that respect the impacthef

part valueis not further considered.

For theDismissedspare parts, as for thatroduction ones, is not feasible to analyse the demand patter
since no demand has been recorded in, at leasggh&8 months. Moreover, and as it will be diseadslater
in the paper, the OUT level of these items is nfiuénced by the part value and the target sereicel is

set to 90% for every SKU regardless of its funaiamsage.

4.3. Demand and inventory management related issues

The application of the criteria presented in Figbréeads to the identification of twelve SKU classe
Subsequently, forecasting and stock control relegsages are addressed for each of the resultieg@aes.

At this point it is important to note the followindt has been argued (Syntetos et al., 2005) thad S
classifications for forecasting and stock controfgmses are often conducted in a non-intuitivelyesting
way. That is to say, if the purpose of the clasatfon exercise is to select appropriate policientthe
proposed categories should be the outcome of aafoommparison between the candidate policies as
opposed to first classifying SKUs and then selgctialicies per category. Although this is methodatally

a valid argument in the context of a few classifaa criteria and resulting categories it obviousgcomes

an infeasible task in contexts similar to the onalgsed in this work.

For Introductionitems (classes 1 and 2) the absence of demarmhyhsevents us from adopting time series
forecasting methods. Moreover, the fact that newresgparts are most probably needed for recently
introduced products a high service level is reqljireecessitating the satisfaction of customers fstmak,
even if the demand may be particularly low and agiar. Consequently, the suggested approach cowsists
satisfying demand from stock dimensioned by theaise causal forecasting method which is basechen t

demand rate (calculated as the rate between spagedemand and finished products’ demand) of dasim

20



component, employed on similar product models véthonger demand histoty For purchasing and
inventory management purposes a periodic re-ordet |5) OUT level § (s, S policy has been proposed
with a 2-week review perigdS is differentiated according to the unit value loé tpart (expected demand
during one year for low value parts and during Githe for high value parts; the selected time pevoad
the outcome of preliminary simulations not reportede). For these items is very important to asaurgh
service level; at the same time, data shortage doeallow the calculation of an effective safetyck so
our proposition was to set the re-order psias the double of the expected demand during filemshment
LT.

For all the parts classified &s-use(classes 3 to 10), high target service levelsthadelationship between
replenishment and delivery lead time necessitatestitisfaction of demand from stock. Roruse codes
with insufficient demand data (classes 3 and 4,toposed solution consists of a periodicS) policy,
with T being 1 month an8 being set as the average required quantity (Gtledilduring the last 2 years) for
high value spares and the maximum demand overatime sime period for the low value items. For these
codes no safety stock is proposed since this isedeas not necessary considering the very low nuwibe

demand orders.

ForIn-usecodes characterised by high demand frequencys@dds and 6) there are 3 possible approaches:

1. Demand satisfied from stock with an inventory mamagnt policy of theT, § form (monthly
updates) wher& is calculated based on SES (monthly updated) &stecand the safety stock is
determined based on the forecasting error varighbéind the target service level. Demand was
assumed to be normally distributed — no other ibistions were considered and we return to this
issue in the last section of our paper where thddtions of this work are discussed;

2. Demand satisfied from stock with an inventory mamagnt policy of theT, S form (monthly
updates) wher§is calculated based on the average monthly deroeedthe previous 2 years and
the safety stock is determined based on the deaendtity variability and the target service level;

3. Demand satisfied from stock with an inventory maamagnt policy of the periodic (s, Q) form based
on a weekly review period and a fixadspecified based on the demand variability overlase 2
years and the target service level. The long teammal) demand for calculating the Economic

Order Quantity (EOQ) is forecasted through a mowngmonth aggregate demand estimate. In

! These are components with the same functionaditgployed on similar finished product models witHoager
demand history. The company’'s dataset availabletorresearch purposes contains information tHatvalto group
together all the spare parts with the same functanthe household appliances (for instance thera icode that
identifies all the dishwasher timers).

2 Before the development of this project, and asvéts discussed in section 3, the company plannedhall
replenishments periodically twice a month. Our rimégition took this factor into account planning fhe minimum
possible disruption into current operations, i.e.lvave opted for not altering the review perioceaslthis was judged
to be particularly important, as in the case otise- codes for example. Moreover, continuous regigstems have not
been considered as possible candidates at all.
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calculating the EOQ quantity for each part, it beeaevident that for very low unit value parts the
economic order quantity could be considerably latipan (by approximately 4 or 5 times) the
annual average demand. In a variable context #iseispare parts one, keeping in stock a high
guantity of a particular spare increases the rfsibsolescence. In order to minimize this risk, and
following the company’s suggestions, we decideduse as the OUT level the maximum value

between the EOQ and the average demand duringsh&8 months.

For In-usecodes characterised by low demand frequencyhigé. intermittence (classes 7, 8, 9 and 10), the
three following approaches have been considered:

1. Demand satisfied from stock with an inventory mamagnt policy of theT, S form (monthly
updates) wheré& is calculated based on Croston’s method (montélyewed) forecasts and the
safety stock is determined based on the forecasting variability and the target service level
assuming normally distributed demand;

2. Demand satisfied from stock with an inventory mamagnt policy of theT, S form (monthly
updates) wher&is determined based on the assumption that demadisson distributed (with a
rate being equal to the average demand over th2 jgsars);

3. Demand satisfied from stock with an inventory mamagnt policy of theT, s, S form (monthly
updates) wher8 are calculated in a different way for low and higtiue parts. Following the results
of some simulations not reported he®és set for the high value parts as the averageaddrduring
the last 4 months; for the low value parts the ageryearly demand is used instead. In both cases

the safety stock is calculated according to theadghvariability and the target service levels.

Finally, for Dismissedparts, the service level target is universallyts€0%, i.e. is generally lower than that
considered for the classes discussed above anttlasve evaluate the possibility of satisfying dethfnom
order (class 12). Class 12 groups all the spares plaat presumably are not necessary to keep ok;sto
these cases the company assumes that it is possibitisfy demand from order without evaluating an
service level targets. Fddismissedparts belonging to class 11 instead, the compaty target service
levels, so the proposed solution consists oF, &) policy: T being set to one month asbeing calculated

based on the assumption of Poisson distributed neéma

As it was previously discussed in this sub-sectime of the main problems characterising spare parts
management is the issue of obsolescence; consggtiemtrelated costs constitute a major determimdnt
the total logistics costs in this context. Unfodtaly, in this project the issue of obsolescenceritd been
explicitly addressed. It was implicitly taken in&mcount when suggesting the calculation of theowari
inventory parameters (e.g. for theusecodes of classes 5 and 6 we decided to introdsitkeaOUT level

the maximum value between the EOQ and the averageamd during the last 18 months) but explicit
consideration of such issues was left as an aretufther research (next steps of intervention) tnisl is

further discussed in the last section of the paper.
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4.4,

The distribution of the spare parts among the class

The data that became available to us constituteeéh®and history of approximately 26,000 SKUs. Tatad
available cover the period June 2006 — June 2008 fifst 2 years was utilised, as previously diseds for

obtaining the series descriptive statistics antlainanalysis purposes whereas the remaining year wsed

as the out-of-sample period for simulation purpdseg sub-section 4.5 and section 5). The distabudf
our sample SKUs among the different classes isneatlin Table 8. The distribution of the parts agdime

classes is presented by the number of the releealats, their sales value [€] and volume [units].

SALES CYLCE
INTRODUCTION IN-USE DISMISSED | TOTAL
PHASE
CLASS 1 2 3 4 5 6 7 8 9 10 11 12
1,570 827 4,443 | 1,819 1,064 3,772 2,098 678 5,484 2,006 2,110 | 107 25,978
Number of
spare parts |_6:9% 3.2% 17.1% | 7.0% 4.1% 14.5% 81% | 2.6% | 211% | 7.7% 8.1% | 0.4% | 100%
2,397 6,262 15,102 2,217 25,978
Sales value [€] 45,317 | 188,022 | 152,370 | 213,392 | 2,638,885 | 24,481,152 | 264,915 | 325,032 | 624,021 | 1,754,089 | 108,488 | 2,482 | 30,798,165
during last 2 | o1 0.6% 05% | 0.7% 8.6% 79.5% 09% | 1.1% | 2.0% 5.7% 0.4% | 0.0% | 100%
ears
y 233,339 365,762 30,088,094 110,970 | 30,798,165
Sales volumel| 11667 | 5258 | 88,371 | 7,428 | 531,457 | 3,452,914 | 54,177 | 8,740 |196,455| 51,309 | 10,241 | 210 | 4,418,227
[unitjduring | ¢.3% 0.1% 20% | 02% | 12.0% 78.2% 12% | 02% | 4.4% 1.2% 02% | 0.0% | 100%
last 2 years
16,925 95,799 4,295,052 10,451 4,418,227
Table 8. Descriptive statistics for the various clsses of SKUs
4.5. The selection of appropriate policies for in use pé with at least 3 demand orders

In order to select the most appropriate inventqggraaches for classes 5, 6, 7, 8, 9, and 10, alaiiow

study was carried out the objective of which wasdmpare the performance of the alternative pdicie

suggested in the previous section. The simulatias eonducted using Microsoft Office Excel and tbdec

was written in Visual Basic (embedded in the Exagkion). We focus on a sample of the SKUs availabl

us and performance of the various policies is erathiover the out-of-sample period of 1 year (JWQS-
June 2009). The selected number of SKUs per classhat derived based on statistical sampling teckes
but rather it was the outcome of discussions withdompany’s management.

We evaluate in a dynamic fashion what would havgpbaed if any of these policies had been applied in

practice in real terms. According to the criticalifassification of each item and the target serléwels, the
simulation identifies the policy (per class) thakets the target CSL at the minimum inventory costs:
inventory holding costs (average inventory costsgegiod= average positive inventory on haxdost per
unit x inventory holding charge) and ordering costs (totenber of orders multiplied by the cost per oyder

An inventory holding charge % was viewed as a realistic representation of threeoti situation in the

case study organisation; the same charge was adsiameall inventory classes. The cost per order was

assumed to be fixed at€order, again regardless of the SKUs being dedlt.\idackordering costs have not
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been considered since the company was not in di@o$0 estimate their economic impact. Inclusidn o
such costs was viewed as potentially distorting ‘thmal picture’ rather than adding any value inrou

analysis.

Consequently, the outcome of the simulation is sansad through: i) theervice hit ratio— the average
service level achieved across all SKUs in a pdsdrcaass (without implying than the target is resaeily

met for each single SKU,; ii) the total inventoryst®per class.

Table 9 summarizes the simulation results for elagsand 6; Table 10 summarizes the relevant sefult

the remaining classes considered in this part ofesearch.

Fixed re-ordering point
(T, S) policy (T,S) Policy, S=monthly EOQ, weekly
fixed re-ordering time forecasted quantity with discontinuous control,
T=1 month SES method (EOQ upper bound=average
demand during 18 months)
w 2 2 2 2 2 7
n R | = 9 X |5 X |5
E = 3' t o 8 8 2 o 8 8 2 ks 3 S 2
< o« = b s > S v — B 2 S o — 5 2 S o —
w | a g S| 8| 2| S| €85 |28 |S§c| €| 85| &8 |sz|e=| 88
2l w | g | E|s|s|38|S8|=8|s|38|¢s8 /=8 |x|38/s8|=¢
S22 E 5|8 |33 8313833833835 /€3/¢gs®2
O| s = | 9 ¥ | Y | gWw| $ | ¥ Z¥ | gWw g | DY | Z¥| g W
= £ o> | ¥ S b S = 2 |8 DS s = v | L @ S =
S| o | &|5|35]| ¢ S S 5|8 S S S8 |&§ | 9O
w | F | & |r]<]E B < |2 B < | & |E
S 3 S 3 £ 9
5 | 451 | 1,064 | Aest | 90% | 94% | 3,800 | 14,665 | 18,465 | 90% | 2,000 | 16,933 | 18,933 | 97% | 3,051 | 2,807 | 5,858
6 | 370 | 3,772 | Funct | 95% | 93% | 11,569 | 13,556 | 25,125 | 90% | 6,473 | 14,948 | 21,421 | 96% | 6,689 | 3,841 | 10,531

Table 9. Simulation results — selection of the mosuitable management policy for classes 5 & 6

The simulation results suggest that for classesdbGa(n-use parts with high demand frequentye most
cost-efficient management policy consists of adixeriodic (weekly) re-ordering point Economic Qrde
Quantity, with safety stocks dimensioned accordimgarget service levels and based on a long téne (
months) aggregate forecasting Moving Average psaocele choice of the averaging method relatesdo th

lower forecast errors reported in our preliminamglgisis/simulation in comparison with the SES eaton

For In-use low and high demand frequency partghercontrary, the best policy appears to be thsgier
(s, S one with a monthly review period. It has to bdeabthat for the high value parts thg § policy
appears to offer comparatively higher achievediserevels (at the expense though of consideraigilyen
inventory related costs). However, in both casest#inget service level is either met or exceedet] as

such, theg, S policy is preferred since it leads to lower costs
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7 158 | 2,098 | Aest L |90%]87% 91 1,883 | 1,974 |95% | 126 2,130 | 2,256 | 96% | 204 480 684
8 213 678 Funct H [90%]|87% | 487 2,046 2,533 |98% | 1,017 | 2,354 | 3,371 | 96% 857 1,214 | 2,071
9 169 | 5,484 | Aest L |95% ] 85% 45 2,042 | 2,086 |94% 77 2,328 | 2,404 | 96% 112 660 772
10 199 | 2,006 | Funct H [95%]|88% | 1,108 | 2,108 3,216 |96% | 1,757 | 2,737 | 4,494 | 95% | 1,835 | 1,263 3,097

Table 10. Simulation results — selection of the mbsuitable management policy for classes 7, 8, 910

Considering the simulation results presented alaovkthe analysis conducted in sub-sections 4.24&3d

Table 11 outlines the policy proposed for eachsctdstems.

CLASS

SALES CYCLE

PHASE

RESPONSE
LEAD TIME TO

CUSTOMERS

# DEMAND
ORDERS

DEMAND
FREQUENCY

PART
CRITICALITY

PART VALUE

PROPOSED POLICY

INTRODUCTION

< replenishment LT

Not evaluated

Not evaluated

Not evaluated

Low

Demand satisfied from stock. Cau
demand forecasting, usirtemand rat
of the same functionalit
componentsNo safety stock. Inventof
policy (s, S) with S= yearly averag
demand, s 2*average D during LT. B
weekly review period.

High

Demand satisfied from stock. Cau
demand forecasting, usirtemand rat
of the same functionalit
componentsNo safety stock. Inventof
policy (s, S) with S= 6 months averag
demand, s= 2*average demand durin
LT. Bi-weekly review period.

IN-USE

Not enough (<3)

Not
evaluated

Not
evaluated

Low

Demand satisfied from stock. Policy
without safety stock, with S= max
required quantity during the last 2 ye
demand history. Monthly review perio

High

Demand satisfied from stock. Policy
without safety stock, with S average
required quantity during the last 2 ye
demand history. Monthly review perio

< replenishment LT

Enough

High

Aesthetic
part

Demand satisfied from stock. MA yea

point inventory management, EO
Weekly review period. Fill rate target

D W
< < 4

D T
aQ < < &

wn

ars
.
S

ars
i

ly

aggregate forecasting. Fixed re-ordering

Q.

90%.
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Demand satisfied from stock. MA yea’TIy
Functional aggregate forecasting. Fixed re-ordering
6 part point inventory management, EOQ.
Weekly review period. Fill rate target

95%.
Demand satisfied from stock. Policy s,
S) monthly review period. S yearly
7 Low |average demand s average demar
during LT, Safety Stock (S$
Aesthetic dimensioned using target fill rate90%
part Demand satisfied from stock. Policy (s,
S) monthly review period. S 4monthg
8 High | average demand s average deman
during LT, SS dimensioned using target
fill rate = 90%
Demand satisfied from stock. Policy s,
S) monthly review period. S yearly
9 Low |average demand s average demar
during LT, SS dimensioned using target
Functional fill rate = 95%
part Demand satisfied from stock. Policy (s,
S) monthly review period. S 4months
10 High | average demand s average deman
during LT, SS dimensioned using target
fill rate = 95%
Demand satisfied from stock. Policy| S
monthly review period, S=Poisspn
quantity, Stock availability SUM stock|
availability on central + subsidiarigs
Not warehouses. No safety stock.
evaluated

~ QO

o

Low

o

o

11 \Y

replenishme
ntLT

Not
evaluat
ed

DISMISSED

Parts not kept in stock. Demand satisfied

12 M from order.

replenishme
ntLT

Table 11. The proposed policy management for the Jgarts classes

5. Performance assessment

5.1. Assessment of overall costs and benefits

The last step of this project consisted of thegremince comparison between the proposed solutidrihen
practices currently employed by the case studynirgtion. Our aim was to quantify the possible figne
derived from our approach and communicate the rigglito the management of the company. The
comparison was made with regards to the achievedceelevels and inventory costs along the lines
discussed in the previous section. We have siniiata dynamic fashion what would have happendikeif
proposed solution was to be used instead of wigatdmpany actually achieved in a specified timeopler
The simulation was carried out on the last yeahefdata available to us (July 2008 — June 20Q8ixtl$
speaking, this provides a potential advantage to proposed solution since the management policies
specified for classes-H0 (inclusive) were selected over the same timmgésee sub-section 4.5). Although

longer histories of data could have been madeablailto us (see also sub-section 4.2), the releeaency
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of the data ensures that the fast changing envieobrof the industry under concern is reflected im o
analysis. In that respect we have opted for saordia true out-of-sample evaluation of the peramoe of

the new approach for the purpose of ensuring #levance’ of our results

At this point it is important to note the followindor the Introduction spare parts the proposed solution
advices to estimate future demand using the demsiadind the finished products sale values. Unfiattly

at the time of the comparison not all the necesdatg about products sales could be made avatahle
and as such no comparisons were undertaken thelved/ the proposed classes 1 and 2. Moreover it is
important to underline that no part movements Haeen considered from one class to another. That &,
real setting (real running conditions) a part magvenupon periodic evaluations from one class tdlero
Although this could have been reflected in our $ation, such a realistic representation of a rugraystem
wouldn’t have contributed any additional value ur analysis due to the shortness of the evalugtioiod.

As a result though, a further exclusion of somessga became necessary. The actual initial stocthéor
SKUs belonging to classes 3 and 4 is very largetduke fact that such items would in fact, urgitently,

be classified amtroductioncodes. In these cases, the company keeps aredthfitick favoring service level
rather than inventory costs and consequently, aedta the nature of our simulation, the results l/dnave
definitely showed an improvement of the proposepr@gch when compared with the current system. As
such, classes 3 and 4 have also been excludedfiosimulation. Similarly, we have also not quaetfthe
savings associated with the decision of adoptimgw approach for SKUs belonging to class 12. Is thi
case, the proposed solution consists of not keegiozk at all whereas clearly it is possible trahe stock

should have been available if the items were tolassified upon consecutive reviews.

As such, costs and benefits are finally evaluately on classes 5, 6, 7, 8, 9, 10, 11; those castit

collectively more than 97% of the overall sparetpalemand value and consequently the corresponding
results may explain to a great extent performanm@ss the entire stock-base. Table 12 reports the
comparison results between the proposed approathhansolution currently employed by the case study

organization.

PROPOSED SOLUTION CURRENT SOLUTION
PERFORMANCE PERFORMANCE
" @ " @
-~ 17 - 0
A "2 (7, x X § S § S
b2 & = o ) S > S
< < « 8 S £ S ) £ S 9
O Q < S S ) S i 3 S % 0
i w | a s | |2 |¢8 g 2 3 g S
o E‘. * i § = S = N S - N
& a S = = g ST | | S ST S = 3 S >
o %] < Y] 3 =8 25 S =3 25 S <
< S| 3|56 S| £ ||| 85| g | 23] &85 | 2
= O u (=4 2 < E® | Ssw | ¥ 2R | S¥ o ¥ EN
IN USE CL5 451 1,064 90% 97% 3,050 2,807 5,857 4,777 2,252 7,029 16.67%
WITH HIGH
DEMAND CL6 370 3,772 95% 96% 6,689 | 3,841 10,530 23,935 2,292 26,227 59.85%
FREQUENCY
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cL7 158 2,098 90% 96% 204 480 684 683 176 859 20.39%

Wil;lHULSOEW ctg | 213 | 678 | 90% | 96% | 857 | 1,214 | 2,071 2,514 | 334 2,849 | 27.28%

DEMAND c9 | 169 | 5484 | 95% | 96% | 112 | 660 772 540 172 711 -8.48%

FREQUENCY 170130 | 109 | 2,006 | 95% | 95% | 1,835 | 1,263 | 3,007 6,366 | 458 6,824 | 54.61%

DISMISSED | ct11 | 221 | 2,110 | 90% | 93% | 585 | 321 907 1,068 35 1,103 | 17.58%

Table 12. Performance comparison between the proped approach and the current situation (sample
items)

The results indicate that the proposed solutiobefahot evaluated in its entire range) leads tusiterable
cost reductions (abo@b% on average) whilst exceeding the target servigelde The highest savings rate
corresponds to thiem useitems withhigh demand frequencyhis is one of largest categories in terms of the
number of SKUs included and as such the relevarfibqmeance improvement is regarded as a very impbrta
result. The savings are comparatively lower (bilit @nsiderable) for thén useitems withlow demand
frequency this can be explained in terms of the flexibilitf/the current manual approach that may adapt to
specific peculiarities of the ordering process. &epecifically, the current approach allows thenp&as to
manage some critical parts according to qualitatiermation that may not be available to a quatitie
model. Sometimes, for example, planners may exejfotgment in the presence of some customer olokaine
information and decide not to keep stock for someoals since they are confident that no orderdaiee
received. This action will consequently lead to teduction of both ordering and holding costs. uohsa
case it is very difficult for our proposed struedrmmodel to outperform the existing manual one.dfass 9

in particular, the results indicate that the curigwproach outperforms our proposed solution. $gstet al.
(2009) examined the effects of judgmental adjustmém statistical forecasts of intermittent dem#echs
and found that such adjustments were beneficidl wagards to both forecast accuracy and stock aontr
consequences. The incorporation of human judgnmeattihe process of managing spare parts inventsries
an area that hasn’t received considerable attemmitine academic community; this issue is furthiscussed

in the next section of our paper.

6. Discussion and implications for the OM theory and pactice

The case study presented in this paper shows hewadloption of a structured spare parts (inventory)
management methodology may provide significant fiisnéo industrial organisations that deal with a
considerable number of SKUs and invest tremendoosuats on the relevant inventories. Although the
results presented here may not necessarily be gessel, the findings of our work should offer vadie
insights to managers and stock controllers in awéhge of industries. Moreover, we believe thiat study
contributes significantly towards advancing knovgedn the field of Operations Management (OM) and i
constitutes an important addition to the currerdybof the literature in this area. In the remaindgthis
section we first discuss the implications of ourrkvéor the OM practice followed by a discussionaoafr

contribution to the OM theory.
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With regards to the specific case study organinatie have investigated, there are a number of itapbr
benefits and lessons learned to be reported. Télemald contribute towards advancing practices hreiot
companies as well.

e Our analysis led to the identification of a numleérimportant criteria to be used for classification
purposes. Although not all such criteria were rafgvtowards the specification of all the classes of
items, they may in fact collectively constituteseful starting point when other organizations erlosr
inventory classification exercises.

* The major outcome of this study has been the padfmdsa hierarchical classification scheme thadsy
enough to operate and explain to a company’s manage Although other classification parameters
may in general be included, or indeed some of tlopgsed ones be omitted according to a specific
situation, the very construction of the scheme itmdevelopment should offer valuable lessons et
organizations as well.

* A major benefit associated with our interventiothe very involvement of the company’s management
in the development of the scheme and their expasu@KU characteristics that were not necessarily
perceived as important prior to our project. OwcdBssions with the company’s managers created a
higher awareness of spare parts characteristics adlogdved the formalisation of internal (tacit)
knowledge with regards to relevant issues. As praly discussed in our paper, it is important teeno
that several criteria (along with their thresholdlues) were decided upon consultation with the
company’s management.

* The linkage between SKU classification, forecasting stock control may not be particularly obvious
in an industrial context. (In fact, we believe tliais is also true in the academic literature comog
inventory management but we return to this issder lan this section.) The development of the
classification scheme enabled the company to ajgtecbow this linkage actually works and led to the
development of formalised, though very simple, @e8, processes and procedures for spare parts
management.

» Also, the company appreciated that the transitiomfa manual (judgement relying) system to a formal
one should not necessarily be a difficult exerdiseolving the managers in the very developmerthef
formalised system enables the key characteristicbet captured whilst management may not feel
threatened in the presence of a new solution. iBhigpically the re-action in the introduction oéwa
specialised software packages and enterprise-vakgians bought without appropriate consultation
with the users of such a solution.

* The demonstration of the benefits of the new apgrodrough a simulation study was very well
received. Dynamic simulations and quantitative samgations of the prospective benefits of a new
approach are simple yet very powerful ways of cocivig management of the value of such an approach

(see also Syntetos et al., 2010).
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With regards to the implications of this work fbetOM theory, there are a number of important gdiotbe

made.

From a methodological point of view, multi-criteridassification models are “richer” than a simple
ABC approach (although admittedly substantial peegrhas been made recently in the latter area, see,
for example Zhang et al., 2001; Teunter et al.,0205uch models allow for the consideration of the
specificity of a company’s environment and thereftead to more “tailored” solutions. On the other
hand of course, their adoption is not as straigihod as that associated with an ABC-type approach,
increasing the managerial complexity and raisisges related to their generalization and applinatio
different contexts. Given the importance of SKUssification solutions for inventory management
further research into the trade-offs between varigassible approaches would appear to be merited.
The linkage between SKU classification rules, fastcaccuracy and stock control performance is a
rather complex one. In this work, a qualitative @agh was employed for the very specification @f th
SKU classes but also for the determination of thestmappropriate policies per category. The very
sequence of performing such tasks as well as tieeaictions of the relevant steps is an area thgt ma
benefit from further empirical investigations adives analytical work.

The results of our analysis indicate that in maages human judgment may be irreplaceable as
gualitative information that would be lost othergjisvhen applying a quantitative methodology, i®tak
into account. The value of judgment in an interamitt demand context was recently explored in a
forecasting study conducted by Syntetos et al. 4p08Ithough the time series analyzed in that palr

not relate to spare parts, they did in fact reprepatterns commonly encountered in such a comtext
application. The findings of this study suggestiedt tmanagers may add considerable value into the
forecasting process. Further studies that evathateffects of human judgment into stock replenisiim
decisions would help to advance considerably theeot sate of knowledge in the area of inventory
management.

The presence or absence of relevant data playga ro&e in the process of developing a classiiorat
scheme and specifying its parameters; howeves, dften neglected in academic pieces of work. More
specifically, the very intermittent nature of demaenders potentially the exploration of the ungad
patterns an infeasible task. Furthermore, the geenater-demand interval - which has been shown in
the literature (Boylan et al., 2007) to be a varyust criterion for classification purposes - may even

be defined, should the number of orders recordatdritem’s history be less than three. In our dase
example, demand frequency could only be measuresBfos of all the SKUs (classes 5-10 inclusive).
Although the relevant items accounted for neadlyhed demand value received by the compaty7¢9
service level targets necessitate a further arsalp$i the remaining SKUs. The development or
specification of other criteria to be used in theence of demand data (too many zero demand pgriods
is a very important issue both from an academicpaadtitioner perspective.

The life-cycle phase of a spare part constitutesmuortant classification criterion in industriadrexts

characterized by a growing number wéw items and items rapidly evolving intismissedones
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(following the terminology used in this case studf)though this aspect may allow dealing more
effectively with the complexity related to a widenge of spare parts, it has in fact been overloaked
the literature. In more detail, only 2 out of the @ntributions reviewed in sub-section 2.1 suggest
this criterion.

* The important role opart criticality andpart valuediscussed by several studies (outlined in subiesect
2.1) is confirmed in this case. Although theserasenecessarily the most relevant criteria for diegj
the inventory and forecasting policies to be adbptieey are fundamental towards the specification o
target service levels. Therefore, these factory plakey role in shaping a company’s efforts and
investment in inventories.

e Although no claims can be made in our study ablatgeneralization of its results, we do feel that i
should provide very useful insights to a wide ramfeother organizations and in particular to most
durable goods companies. This is especially triseith companies are characterized by a large yariet
of products, a long usage life at the end-custoraedsa fast renewal rate of product ranges, regyiti
a very high number of SKUs evolving into differdifiecycle phases. In such a dynamic environment,
SKU classification becomes a very difficult tasldame hope that our study has raised many important

pertinent issues and it will consequently motivatgreat number of further academic investigations.

7. Conclusions, limitations and extensions

The after sales/ spare parts industry has becowegyamportant one in the current business envir@mm
Yet, the number of academic contributions in thisaaneither reflects its importance as a cruciairtmss
function nor does it make justice to the tremendowgstments companies are currently undertaking to
ensure availability and high customer satisfactiQost effective spare parts management relies upon
appropriate classification methodologies. This u® do the highly varying nature of spare parts tred
tremendous numbers by which they are representdtieirelevant business contexts that necessitate a
comprehensive approach to distinguish between tf@nforecasting and stock control purposes. The
number of factors potentially affecting/influencitige ‘nature’ of a spare part leads to the conaiter of
multi-criteria classification methodologies. Altigiu such solutions may not be easy to develop, tiaee
been reported to offer tangible benefits to compaudiealing with relevant inventories. The develapnod
such a solution along with the evaluation of itadfés has been described in this paper througixtensive
case study performed in the white goods industnypérticular, we looked at the very many factors
influencing decision making in that context of apalion and built, in consultation with the company
management, a hierarchical classification schemedhables a better control of their stock-basdetiled
review of the literature has been offered, whicmstibutes the theoretical background of our regearc
followed by the introduction of the case study oiigation and a discussion of the rationale beharibus
choices and the construction of the actual clasgifin scheme. The implications of our work for the

Operations Management theory and practice havebakso explicitly addressed.
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Through this case study we have demonstrated thathar simple, yet well-informed solution, has ted
substantial organisational benefits. Similar reshlve been reported in other recent case studrpép.g.
Syntetos et al., 2009, 2010) and this outcome igadicularly surprising since real-world practdellow
considerably behind the relevant theoretical pritjoos in the area of inventory management. In,fane of
the main perceived contributions of our work isuadlyy bridging the gap between theory and pradtidhis

area.

Case studies do not necessarily offer generalisailgions; they illuminate the actual problemsragens

managers deal with and the complexity involved he solution development process, as opposed to

deductive studies that essentially define how mersaghould make decisions. Through case studies,
academics can explore the implementation of mairsgapbrms and the practical validity/utility and
relevance (or the lack of it) of theoretical proioas. With this study we feel that valuable lessdave
been reported to influence similar exercises irotontexts of application. Having mentioned thad,do of
course recognise several limitations of our studyt tnay in fact be also perceived as natural eikiea®f

the work described in this paper. In particular:

* A more realistic representation of an inventorytayswould comprise variable inventory holding and
ordering charges in contrast with our simulatiomcsfication that assumed fixed charges across the
entire stock-base. In addition, no backorderingtdmve been considered for the purposes of our
analysis. Although the relevant effect has beeriucagd through achieved service levels, backordering
costs constitute a major determinant of the totatmtory costs.

« Similarly, the potential cost of obsolescence his® aot been explicitly addressed as part of our
simulations. The intermittent nature of the undaedydemand patterns dictates that such costs aye ve
important and future analyses should take themantount.

* A recent work conducted by Syntetos et al. (201i@hlighted the importance of the distributional
assumptions employed in parametric approaches tagnag spare parts inventories. The assumption
made, where applicable, in this paper was that ddnm normally distributed and such a hypothesis
deviates significantly from the distributions adly@ncountered in practice. The linkage betwedrent
more appropriate distributions (such as the NegaBmnomial or the Stuttering Poisson) and the
development of classification schemes should biiated in more detail.

* Our proposed scheme consisted only of periodicerevpolicies, albeit in some cases with very short
(weekly) review intervals to resemble as much assitde the function of continuous systems. This was
due to the company’s reluctance to embark intordetlevel control systems but obviously such a
possibility worth further investigation.

» Also, on the technical side, longer demand datesenay facilitate true out-of-sample evaluatiohs o
proposed solution. This is to be contrasted tonted for relatively recent demand information ia th

context of a fast changing business environment.
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* Finally, it would definitely be very interesting &ssess the relevance of the classification pasmet

proposed in our work in other industrial contexts.

Before we close our paper it should be noted timatproposed classification method needs obviowslyet
revisited, during its actual application, in orderallow for the re-classification of SKUs. Thedtency of
such an exercise is to be set according to the apyp requirements (in our case every 3 or 6 months
indeed reasonable to expect that over time theegpants’ features such as the underlying demarterpat
and other qualifying characteristics may changaltieg to a specific part moving from one classatmther.
During our project we haven't focused on the isstiee-classifying SKUs. However, we have elaborated
from a qualitative point of view, on how one spa@at may move from one category to another and

communicated this to the company’'s management. r&igu indicates some possible re-classification

scenarios.
|  IN-USEPART.#
id ORDERS <3 L
v
INTRODUCTION R IN-USE PART, HIGH
PART > DEMAND FREQUENCY D'SM'SSI'\ED PART

A

v

IN-USE PART. LOW
> DEMAND €
FREQUENCY

[

Figure 6. Possible re-classification scenarios iunning conditions

The company is currently introducing our propospdraach on an ongoing basis. This task has yeeto b
completed since it requires the implementation ofieav information system in order to support the
automation of the different managerial steps ovehs large number of SKUs. This requires a subatan

investment on the part of the company but onehthatbeen agreed for execution.
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