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Abstract

Due to the increased diversity in customer requirements, many manufacturers are in the process of evolving from mass
production to mass customization (MC) whereby products and services are tailored to specific customer needs. Even though MC
strategy was described decades ago, its implementation within industry is hindered by the partial understanding of its underlying
philosophy and operational drivers. A central question to be dealt with for a successful MC implementation is how to balance
between products and services variety and their induced complexity. Modularity is one of the commonly used means for dealing
with such as question. While this concept has been widely discussed in product design and operations management literature at
large, its applicability to service or product-service systems is only poorly addressed. This paper addresses the question of how to
deal with the service modularity and how this can be exploited jointly with product modularity to modularize an offering, in a
way to increase offering variety and improve internal company performance.

© 2019 The Authors. Published by Elsevier B.V.

This is an open access article under the CC BY-NC-ND licériges(/creativecommons.org/licenses/by-nc-ndj4.0/

Peer-review under responsibility of the scientific committee of the International Conference on Changeable, Agile, Reconfigurable
and Virtual Production.

Keywords:Mass customization; Variety management; Modularity; Product and service system

1. Introduction

In the last twenty years mass customization (MC) has been put forth as a possible business strategy for operation
management to meet market diversity [1]. However, enterprises’ endeavours to implement MC are not always
fruitful, due to the partial understanding of its underlying philosophy and operational drivers [2]. Yet, the shift to
offering a solution of both product and service, companies will need to diverse their offerings considering the
peculiarities of such integrated solutions coupling tangible with intangible elements. However, diversifying the offer
is usually correlated with an increasing internal complexity of the production system and of the whole supply chain
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of the company. A major challenge for MC comparigeshen to mitigate internal complexity while eriggr a
variety level capturing as many customer prefererae possible. Modularity is one of the commonlgdumeans
for dealing with such as question. The basic idda group product components together followingeaeriteria so
as to increase offering variety while mitigatingdiwed complexity [3]. While this concept has beeidely
discussed in product design and operations managditexature at large, its applicability to semior product-
service systems is only poorly addressed [2].

This article describes a method for modularizing artegrated offering of both product and servigeusing
Design structure matrix (DSM). Section 2 providesbréef overview of mass customization and moduwarit
literature. Section 3 describes the general st@pmbdularizing the product and service offer. fectt focuses on
an illustrative example for showing the first stegfpshe method. Section 5 discusses the researspguives.

2. Literaturereview

From its very beginning introduction as a busirgsategy, MC has modified considerably the valugppsition
for MC companies and customers, generating additibanefit to both of them. Pursuing MC allows awogiions
to supply their customers with personalized merdism which are created with near-to-mass produgtimency
[4]. This is owed to the rapid growth of flexibiliin manufacturing and the configuration tools foe customers
[1]. MC seeks to be an economically viable strategg/some companies can benefit from the incregsicgs of
the goods. Although service has been mentionea shre very MC beginning, in most of the literatM€ is only
applied to mere products.

Recent trend in the manufacturing industry to doifintegrated product and service offerings rezpinethinking
how MC applies to these offering also known as Bcodbervice Systems (PSS) [5]. PSS combines a galysi
product with an additional tangible service and l@&d to a higher benefit for the client and rezleavironmental
impacts [6]. PSS changes the way of designing aflthg physical products to designing and sellirghbproduct
and service system together [6]. However, using ®ESome enterprises faces some challenges rglatainly to
the heightened complexity induced by integratedjitda products with intangible services, the shop®duct and
service lifecycles and the rapidly increasing cos#p needs [7]. In other words, the complexity ifteer from
product variety is likely to increase further bydady services to the offering. The coexistence mfdpct and
services in a diversified offering requires cougltifferent resources (human, equipment, etc.)doage (usually)
perishable products and unperishable services.

Modularity was acknowledged as an efficient meansviercome the variety induced complexity, thugeosg
MC success [7]. Modularity has been applied beforgroduct development [8]. Some researchers staotéocus
on the development of modularity in service [9].hé&rt research works are focused on the effect oficger
modularity on service customization [10]. Althougkveral researches were focusing on product andceer
modularity separately less researches existed disauss the modularity that covers both product sedice
together i.e. PSS [11]. Li et al. [12] discusseel tlationship between product and service andthese can meet
customer’s physical and service requirements. Agrotiecent research focused on identifying a mothaaon
method that is based on defining the functionatiregnent of PSS and how to classify them into déffé clusters
that will ease the customization design to copé wie individual requirements [3].

Several methods were proposed to modularize ther stfch as Quality Function Deployment (QFD), Madul
Function Deployment (MFD) and Design Structure Nfa(DSM). DSM is a method intended for modelling,
mapping and structuring relationships and inteoastiwithin elements of complex systems [13]. DSMves for
adjustment to the required level of detail and pesviously been broadly applied in industrial comipa [14].
Further, different algorithms are applied to DSMclaster its elements such as genetic algorithn). [B&netic
clustering algorithm reduce the time required foe tlgorithm to find a good clustering result [18he k-means
clustering was adopted for DSM based modularizatipdefining a proper entity representation, atiefameasure
and an objective function [17]. DSM has been widapplied to tackle design, operational and orgaicizal
challenges in industry, particularly in the caséRroduct Architecture Models” [5]. However, whidsxamples exist
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showing different applications focusing on physicaimponents, an approach for service modularizasidacking
at present [5].

The literature investigation shows that there lack in the research addressing MC in PSS contestipports
also the idea that modularity is a potential drife@rsucceeding MC implementation in PSS domaim&methods
such as DSM show a potential for being appliechiodularizing PSS offering to cope with variety amanplexity.

3. General stepsfor modularizing product and service

3.1.Rationale of the method

This section presents a method for modularizingnéegrated product and service offering. The ratierof the
method is to reinforce the modularity of a set obducts and services through generating, evaluatimgl
comparing different modularity scenarios. The asnoi efficiency use the modularity as a driver fmanaging the
variety of a PSS offering. The method consistsoofr fsteps namely, product and service identificatimuilding
DSM, clustering, and evaluation. Figure 1 describegfly those steps, which will be detailed in thext

paragraphs.
Product and service _— . .
idantification H Building DSM H Clustering Heﬁormance evaluation

Figure 1. Steps for PSS modularity

3.2.Product and service identification

The first step is to identify services and produbtt the company will be able to offer. Identifyiproducts and
services provides a raw input for the subseque, stamely building DSM. Thus this input should reéined
according to the industrial context; in this sehse main strategies have been identified to beuldef refining
products and services identification resulting amious structuring:

— Considering both service and product as a pre-nanideld before integrating them together. This means
that each of the service and the product are ajrelstered into service packages and product nesdul
respectively.

— Breaking the products and the service down intopmments. Product components that can be derived fro
the Bill of Material (BOM). In the case of servidbgere are two levels of decomposition, either kirea
the service package down into a list of servioeslecomposing the services into activities.

Although these strategies depend upon the exigtifeging of a given company, using some of themtiGbate
towards generating various modularity scenariass tipening up further drivers for managing offenvagiety.

3.3.Building DSM

This step aims to characterize the relationshigsvdeen the refined inputs from the previous stemdpcts
modules, service packages, components. In othedsyaifter collecting the entire product and servifermation
and refining their structuring, a DSM can be buAl$. discussed before, there are two ways for ngldip the DSM;
first, considering service packages and product ulesd (Fig. 2a), alternatively, breaking down segicand
products into components (Fig 2b). So far, the wétoes not recommend any of these structuringowever
suggests that both shall be analyzed and evaluatbd subsequent steps.

In addition, there is more than one way to build$M. One approach will be is the binary DSM whishust
used as a notation of 1 and 0 to define whetheetizea dependencies between two given elemeiSbf or not.
Another type of DSM is the numerical DSM in whidretdegree of dependency could be used to measure ho
strong is the relationship between elements [I8]e dependency is measured using can range fromtiese 1 is
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considered as high dependency, 2 is medium depepdem 3 is low dependency [18]. We will use irsthrticle
the binary DSM. The cells of the DSM are ruled b tollowing criteria:
— Two services (or service component) are related {onheir crossing) if they:
* Share the same lifecycle phase of the product.
*  Fulfil the same customer need (functional encapisulp
* Share the same resources, skills or activities.
— Two product modules (or components) are related if:
»  Share some technical interface.
«  Fulfil the same customer need (functional encagtian).
— A product module (or component) and service (ovisercomponent) are related if:
*  They fulfil the same customer need.
Building the DSM using different criteria will relsun different dependencies between DSM elemettiiss
different matrixes and modularity scenarios. Thiet®n of the criteria could be refined upon clustg and
evaluation which enlighten the decision maker engarformance of the modularity scenarios.

Product component 1
Product component 3
Service 1
Service 2
Service 3
Service 4
Service 5
Service 6

+ | Product component 2

Product module 1
Product Module 2
Product Module 3
Service Package 2
Service Package 4

Product component 1

Product component 2

Product component 3
Service 1
Service 2

= |Service Package 1
= |Service Pckage 3

Product module 1
Product Module 2
Product Module 3

i

-
[

Service package 1 1 1 Service 3
Service package 2 1 | Service 4
Service package 3 1 Service 5
Service package 4 1 [ Service 6

Figure 2. (a) DSM with product module & serviceskege; (b) DSM with service and product components

3.4.Clustering

In this step, the DSM will be rearranged to be dbléind a clustering where modules minimally irtetlr with
each other while components within a module maxiyrateract with each other. Several clusteringoalhpms can
be used to find the best products and servicegeting [19]. Cost minimization is considered as afghe first
clustering objectives in which each DSM elemenplaced in an individual module and components hen,t
coordinated across modules to minimize the codieifig outside or inside the module. Yet, hierarmhand k-
means clustering algorithms have been widely usell their efficiency is witnessed in many researabrks.
However, the selection of the algorithm is not iregd by the method. Trying different clustering aiigpons will
lead to generating different modularity scenaribghe PSS and comparing them to end up with thedress.

3.5.Performance evaluation

The final step of the method consists in measuthey performance of modularity scenarios using sdver
indexes. These indexes measure the ability of afsstmponents to perform a module as well the logipaof the
modules to perform well. The indexes will be usedhaheoretical check for the performance and theaency of
the modules themselves, which will help in identify the best way in modularizing the PSS offer Hase the
criteria chosen for each step.

4. lllustrative Example
This section, briefly illustrates the proposed roettand particularly the first steps. The illustvatiexample is

inspired by a research project aiming at desigaimgndustrial cleaning solution. The cleaning psscis ensured by
an autonomous robot supported by a set of maintenanstallation and training services. The finastomer is in
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the meat transformation industry, however the idiethe project is to extend later on to other ses;tand thus the
variety of the offering and the modularity are impat questions.
4.1.Product and service identification

In this example we will have one product whichhie tleaning robot and several services that aggrated with
it to create a PSS offer for the customer. The @ PSS provider) already defined a list of sawvibased on
what customer need. Those services can be treatseinzice components of the offer. The servicesaarghown in
Table 1.

Table 1: Service structuring

Requirement analysis phase Deployment phase Opegdiese Retirement phase
- Counselling for the solutiq— Validate the equipment in real |— Consumables supply — Electronic  wast
choice conditions - Corrective and preventiy collection
- Equipment test execution |- Facilitate the equipment positi maintenance
and navigation —Pure cleaning of th
— Personal training in the equipm{ equipment
utilization
4.2.Build DSM

After identifying and structuring products and sees, the DSM is built. An illustrative example DSM based
on the cleaning robot example is used and is showd. 3a. The used criterion for characterizihg telationships
between services and the product is functional gswdation. Common lifecycle phase is the criterised in
addition for characterizing the relationships betweervices.

Z -] H g
5 = -] 2
=1 = =) = c =
s|s5|2 |5 HEEE o| 5
=28 2| 2 =| 2| ® £l e
SlE| 2 ~|2|s8l<|5 SlEl2 =| 2|2 5
S| 8|= E|E|B|5|5 =|a|3 clE|E|l=|=s
I s|l2/2|5|§ 21 2|% g|al2| 5|8
g = | = - | E E 22| 2 g = | = .| E 2 ER =] o
£ = g =
S| 5| & = &[T el 2B 2| 5| & 22T 2|8
HEHFMEEHER I SHEMEHEFIEEE
HEEEEIEIEEIE HEEREIEEE R
2IF|E|E|ly| w|a| S| 2| @ HEIE I I
MR a1z ol T R[22 8|8 =z
=| 2|5 S| 2| 5| ¥z s|2|= S|=|5| 2 &
Slz|Z|l2|lw|a|2|=| 5|2 gl |2w|a| 2= 5|2
2lg|®|E| 2|8 5|5 £ 2lg|®|E|E|2| 5|3 =
2|E|2|E|E|=|5|F| | & #|E|2|E|E|l=|2|8|E|B
el 5|<| 2|8 = ol a S0 2| & 2
HEHHEEEREEE Bl=|5|E|2|=|2|8|&|2
S|T|2|8l2|2|5|5|32|8 =|Z|a|8|2|8[5|5[Z|E
mlo|2[5]|5 a2l 5|2 ala|5|Z2|&|5 A
|l |[S|S|f|=F|S|a|m Flue|o|S| S |2|ZF|o|la|lm
Validate the equipment conditions 1[(1]1 11111 Validate the equipment conditions| 1(1]1
Facilitate equipment position 1 1(1 Facilitate equipment position 1 111
Personal training for utilization 111 1 Personal training for utilization 1 1
Cleanning Robot 11111 Cleanning Robot 1(1[1 1[(1]1 1
Consumables supply Consumakbles supply 1 1)1
Pure cleaning Equipment Pure cleaning Equipment 1f1 1
Maintenance the equipment 1 Maintenance the equipment 1]11]1
Counselling for the solution choice | 1 Counselling for the solution choice 1
Equipment test execution 1 Equipment test excution 1
Electronic waste collection 1 Electronic waste collection 1

Figure 3. (a) Simple DSM; (b) DSM manual clustering

4.3.Clustering

The manual clustering resulted in three main majudghlighted with the bold frames in Fig. 3b. Qufethe
modules (upper left hand side) including the pradaed the three other ones include services. Aithothe
clustering was done manually for illustration pusepsome inferences can be derived. For instaheembdule
including the product comprises also some servimes deployment phases while other service mododsng to
subsequent phases. Consequently such a clusteiging lbe relevant to the case of a product orie8& where a
module of a sold product with a set of services loaroffering at the beginning of the contract, argeral other
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optional services could be offered later on. Likesyiother criteria could be used to generate funtmedularity
scenarios consistently with the decision makerirequents.

5. Discussion

Within the limit of the current paper, only a briéfistration of the method is presented. The eatidun will not
be discussed here as the performance indexesilate be studied and their shortages shall be esklrd to cover
the scope of the method, e.g. impact of modulaoity offering variety, impact on complexity and imaf
performance, link to flexibility. This said, sevepgomising research perspectives are still torlvestigated. First, a
full case study is likely to provide further instghinto the relevance and operationalization of nrethod. This
implies going through product and service struagiribuilding DSM and clustering, evaluating and viding
recommendations, and collecting decision makerkfaekl Second, the link between modularity and wargnd
between modularity and performance should be mapkcé so as to consider these dimensions durioglufarity
scenarios assessment. Current indexes used fara¢iv@ modularity scenarios may be used but d@oetr such a
whole scope of the assessment. Third, another tapiodimension underlying mass customization andeta
management namely commonality, is likely to positivimpact on the decisions on modularity. In otherds,
trying to increase commonality while modularizing @ffering, is likely to reinforce the economiesstfales of the
company. The oxymoron of variety and commonalityvides a potential area of investigation, partidylan the
field PSS.

6. Conclusion

This article proposed a new method for generatimg) @mparing different modularity scenario of PS8e
starting point of the method is the existing pradamchitecture and potential or already offeredvises. The
method helps in identifying the relationship betwgeoducts and services resulting according teedbfit criteria,
resulting in different DSM alternatives. The clustig and performance evaluation supports the coismanf the
modularity scenarios and provides a valuable sugpothe decision makers on variety management.
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