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Abstract

The configuration and deployment of global produtthetworks, raises
guestions about the interchange of data and infiamé&etween varied
and different organisations, domains and systertasdards should be
an instrumental part of forming a basis to enableandess
interoperability, yet there is no clear support fjobal production
networks. This paper sets out a reference ontdimgglobal production
networks being developed as a basis for interojigyalbetween
systems, with the potential for it to be developsda standard.

1. Introduction

The subject of global productions networks (GPNjasnering attention as companies and organisatimus upon
ways in which to innovate both their strategic aperational approaches to designing, manufactaimdelivering
products and services to customers in ever inargagiobalised world markets [1]. But, when tryirgy design,
configure, deploy and re-configure GPNs, questihmsuld be raised about the interchange of datardadmation
between varied and different organisations, domaind systems. Generally GPNs are comprised of eofset
geographically diverse and divergent organisatitvas will have different modus operandi, culturppeoaches to
business and potentially reside within differentndins of interest. These therefore present poteptablems to
facilitating and deploying a fully working and effeve global production networks, especially whelarge number
of these organisations exist within one, more irtgoadly though, there is a fundamental factor tongdbusiness in
the 21st century that underpins all of this, theinb the setup and configuration of informationteys and the
interactions between those different systems. Teamsg data and information between different egst and
companies can be fraught with difficulties, this e because of the structure used to design azshise them but,
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also the meaning allotted to such structures.

One way to alleviate such problems is to applyrenéd standards approach when designing data, irsfiiomand
knowledge structures. Standards should be an metrtal part of forming a basis to enable seamigesdperability,
yet there is no clear support for global producti@tworks. There are some examples of cross doamological
research. Chungoora et al.[2] and Chungoora anahgy §8] present the manufacturing reference ontolelgich was
generated from research conducted within the Ipemable Manufacturing Knowledge Systems (IMKS) ecbj
Furthermore, the Manufacturing Core Ontology (MQ®é¢sented by Chungoora et al. [4] is associated thit.
Both of these approaches focus on improving anémeihg the interchange of information and knowledgaveen
multiple contexts and describe the organisationet#ftionships between concepts for manufacturisgembly and
design activities within an organisation.

The aim of reference models and standards is tgrge technical architectures [5], Fettke and LGd<zite the
ability of these to accelerate the developmentnédrimation Communication Technologies (ICT), by @esing
development costs, whilst minimising the risks ilweal in such protracted exercises. The Internati®andards
Organisation (ISO) technical committees ISO/TCl84/Sand ISO/TC184/SC5 are currently developing
international standards that focus upon interopltyglthose being 1SO 11354-1:2011 [7] and 1SO 35514:2010
[8]. The need for a standard that addresses thinghaf information and knowledge across domaingraries and
between systems is still apparent, as these twwatds focus upon enterprise and manufacturingapegability.
Furthermore, the Ontology summit of 2009 [9] (origad by ISO/TC184/SC4) explicitly stated that ‘Gotpes
represent the best efforts of the technical comtpuni unambiguously capture the definitions anefirglationships
of concepts in a variety of domains’, and therefafeghe standards community is indeed seriousualspecifying
such information unambiguously to the best of iklitg, then the use of ontologies as the vehiate $uch
specifications is the logical choice’. There ar® tiwternational standards that are relevant todtheelopment of a
reference ontology for GPNs, these are ISO 103®3f2@] industrial automation systems and integrafjproduct
data representation and exchange) and ISO 1862Piftlistrial automation systems and integrationo¢pss
specification language). ISO 10303-239 is useful dopporting product lifecycles, and 1ISO 18629 seful for
capturing and representing process related meghiig

The definition of the proposed reference ontology dlobal production networks, presented in thipgrahas
been the subject of an on-going EU FP7 project (RINET 608627) and a related IMS project called Ggunfation
Services for Global Product Networks (CSGPN). Témulting model is under test in three manufactusicfors: the
pumps and valves industry; the white goods industry food and drink industry. Moreover, the pragbstandard
of 1SO 20534:2015, which is entitled ‘Formal Senmari¥lodels for the Configuration of Global Productio
Networks’ is being developed from this researchrr€ntly, it is being progressed as a New Work Itgithin the
International Standards Organisation.

This paper sets out a reference ontology for glpbadiuction networks which is being developed sitilj a set of
industrial use cases developed within the FLEXINE®ject. The approach is based around the undeistpthat
the developing GPN reference ontology could proyijian effective and flexible basis for enablimgeiroperability
between complex multi-context systems and netwarksystems and (i) a potential foundation from ethito
generate new standards for the development ofrireition and knowledge based systems to enable pasability.
This paper presents the FLEXINET research projggr@ach in section 2, the reference ontology fabagl
production networks is presented in section 3, stisiéction 4 sets out the conclusions.

2. The FLEXINET view

The approach to and premise behind the FLEXINETjegtois how to best design and facilitate netwooks
production systems that can be both flexible aneraperable. One of the main aspects within thjgr@gch is the
ability to re-configure these networks when considgand introducing new technologies. Productietworks can
sometimes be spread over vast geographical areaprised of diverse and divergent organisations.réfoee
numerous factors can influence and affect such orésy FLEXINET therefore seeks to apply cutting edg
techniques to the assessment of these factors teoesble rapid re-organisation of those netwbsksonsidering
potential scenarios where benefits and disadvastfge costs and risks) can be assessed and (itiedtions those
have for configurations of production network sys$eand how they change over time.



The FLEXINET research project contains three key esers, each of who are interested in understgritim
impact of external demands, such as environmeegallations, on their business and most especidignwelated to
the introduction of new product-service opportwstiinto their production network. Therefore, thaikbility,
accessibility and usability of reliable data aslveed the ability to use it for strategic and taatidecisions is of
particular importance.
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Figure 1: Exploiting semantic models to create canypspecific knowledge bases.

Fig. 1 illustrates the FLEXINET approach to exghait semantic models to create company specific kedge
bases relative to the end users. Three main s@tsewices are being actively developed to prothidesnvironment
for the assessment of risks and costs against fEdteretwork configurations. These are being sufgubiby a
reference ontology to enable the consistent reptaen and usage of product-service productioarmbtion and
knowledge across the platform. The three servicesaimed at supporting strategic and tactical lelegdision
making. The first is the strategic business modellugtor, as per its name it seeks to assess amldad® cost
comparisons and risk evaluations for higher levedcislon support, this considers strategic business
interdependencies for product-service manufaciiiie.second of the services is the production nétwonfigurator
which, is aimed at lower level tactical decisioAs.its namesake is seeks to support the desigr@mnftjuration of
organisational and process aspects for the pramuctetwork systems. The third service is that ef cbmpliance
evaluator. This studies both product and servifecycle compliance issues when considering altematito a
production network system configuration, i.e. hoavahanges to a product or component affect relstedces in a
product and vice-versa. The purpose of the undempinreference ontology is to provide a standarsishrom
which information and knowledge can be represermted applied to reasoning processes for the geoprati
industry specific responses and solutions to tbélpms posed by the end user use cases.

The configuration of these service components $® a@imed at improved integration between strategid
tactical business aspects to enhance the succesafigiation of new business models. These cordtgur services,
adaptable to suit multiple industrial sectors, witbvide an understanding of the implications foe business of
potential alternative production network configisas made necessary by product-service changesveproduct-
service requirements.

3. Towardsaglobal production network reference ontology



Currently, the work within this paper is being potward as a New Work Item within the Internatiorgiandards
Organisation (ISO), under the proposed standaid&Of 20534, which is entitled ‘Formal Semantic Madfdr the

Configuration of Global Production Networks'. Theemise behind this, is, that for ease of constougteffective

interoperability and flexible re-use, enterprisg¢obrgies must be built from a shared base thaisaetila common
reference ontology wherever possible. A simpleestaint may describe the basis of generalisatiordégign of an
ontology representing the core elements of a pdaticenterprise, will end up with a good numbeet@ments that
are not exclusive to this particular enterprisd,dnmmon to some other enterprises that operateisame sector”.
For the sake of clarification, we use the word fled@t” to include “concepts”, “relations” and “alitites” relating to
an ontology.

Following this reasoning, it can be inferred thatubset of the elements that are common to a pkatisector
might be applicable or extrapolated to differerdtges. In other words, some of the elements thataaplicable to
the Pumps Industry sector might be also applicabléehe White Goods sector. Both sectors are parthef
manufacturing industry, so we state that the cotsctat are widely applicable to different sectbedong to the
broader area of Manufacturing Industry, and nottparticular sector. In this area reside the elésndrat are
specific to the manufacturing industry and you woiind in other types of industries, for exampldandnce,
Assurance, Construction, Mining and Agriculture.

However, even some of the elements identified fanuafacturing industry might be applicable to ottiferent
man-made systems. In this case, they belong tevbe broader area of Designed Systems. A limitedfselements
that conform to a base knowledge shared amongeliffesystems that are under human influence oestit) human
decision-making, whether dedicated to manufactuoingot. A limited set of general concepts andtiete that are
universally accepted and understood across indssdnd sectors.

FLEXINET is creating semantic models for each & toncept groups depicted in Fig. 2. But, the fdoughe
GPN ontology is upon production systems and moeeiipally, product production systems and seryioaduction
systems.

The FLEXINET approach to creating a flexible re-igmrable model of a GPN is to utilise a formaleefnce
ontology. GPNs are widely applicable to a rangenahufacturing areas, e.g. within FLEXINET white depfood
and drink, and pumps are considered. To enable efseonstruction, flexible re-use across domaingl an
interoperability the FLEXINET ontology is organis@tto five levels, as illustrated in Fig. 3. Eadvél inherits
concepts from and provides supplementary conceptsetlevel above, the ontology becoming more domapéecific
with each level.
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Figure 2: The FLEXINET concept groups

Level 0 Core contains highly general ontologicat@epts applicable to all domains and is based etghfleet
Upper Level Ontology (ULO) [13]. Level 1 containsetminimal set of concepts that enables any systebe
represented. Level 2 specialises systems intoguedi systems and natural systems using Banathy$ [1
classification. Designed systems represent arythian-made, for example manufactured goods, neswork
knowledge. Natural systems represent anything aktsuch as living organisms, planets and the uséve evel 3
focuses on manufacturing business systems whichiresthe capability to denote decision-making. ukttfer
specialisation is provided in level 4 into ProdBetrvice Lifecycle Systems, implemented by FLEXIN& Global
Production Networks. Level 5 represents speciafist user GPN application areas.
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Figure 3: Global production network reference oogyllayers

The scope of FLEXINET is indicated by the white ameAt level 2 the project's scope extends intaunzét
systems as the interaction of people with GPNsoissidered. At level 4 the main area FLEXINET coesidis
“Produce” (producing the product-service) but tlwepe also overlaps into “Design” (of the global gwotion
network) and “Operate” as the operation of the pobénd the service needs to be considered inmesig

The Unified Modeling Language (UML) [15] notationethod has been used to represent the referencliognto
for ease of comprehension and is presented hdreeoverall approach of the FLEXINET project isdevelop and
implement the reference ontology using a heavyweigitmal approach, this being the Common Logic [héked
Highfleet Knowledge Framework Language (KFL) [1Bhis provides a highly defined sematic approachtiia the
ability to provide the best possible level of exgmigeness available. By utilising the Highfleettaafe package and
KFL code, the associated Highfleet ULO must be uedalild the formal reference ontology.

3.1 Reference ontology level 1

Fig. 4 illustrates the level 1 ontology using thellUmethod, detailing the concepts and relationsenssary to specify
a system. The focus of this approach is the reptaen of a system and the extension and formadia®f the
IDEFO concepts [17]. There are two main parentselast levell, those of basic and role.

A Basic concept [18] is independent of the systemamtext, its definition does not depend on anotwcept
and an instance of a Basic always retains its iijeas such. Basics occurring at level 1 and carlassified as
System, Information, Material or Energy. It is aigated there will be other categories, a poterdia being
Feature. The ontology will be extended to incluukese further categories when necessary.

A Basic can be comprised of Basics, a System igbéyge of Basic and provides a context for the Rdte
contains (shown via the “depends on” relation dreldomposition filled diamond in the Fig. 4). Thefidition of a
Role depends on a context and an instance of adaaleot exist without a context.

Roles may be comprised of Roles. The “playsRolédti@n is transient, i.e. it exists for a certaime. A Basic
plays a Role for certain TimeSpans, modelled intéeary relation “playsRole”. Roles are playedhivita scenario,
as such Scenario concepts are defined within thelagy in order to provide a method to describe tipld
alternative instantiations of Global Production Wartks. Additionally scenarios can be composed @&hados.
Within the widely known ontology analysis methodpldOntoClean [19] Roles are modelled as concepishndre
not essential to their instances (anti-rigid), pidgl example provided being a student [20] (Th&own of Roles is
implemented within the Highfleet development enmireent as the metaproperty “MaterialRole”). Howewubis
research takes the view that many Roles are eaktnthe System that incorporates them. In additio model the
concept of an empty role (i.e. a vacant or requicdel) it is essential that a Role concept canease to be (is rigid).



This research captures the changeability of Rélesigh the playsRole relations which explicitly retzithe times in
which individuals participate in a Role.
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Figure 4: Global production network reference ooggllevel 1.

This ontology level utilises the concept TimeSparhdrited from Level 0) and contains two parent capts:
Basic and Role. A TimeSpan includes the first @ instants of a date and all the instances indset [21].

The modelling of Role as a specific concept is seagy to be able evaluate whether a system is Eapdb
meeting specified requirements. The division of iBamd Role concepts enables the number of Rolkarioss
counted to differ from the number of Basic instangdaying the Roles, see the Wieringa et al. [2&]nting
problem. A Basic can play more than one Role at#ime time. A Role can be played by more than @sicBThere
is no requirement for a Basic to play a Role (shawrnhe 0..* multiplicity next to the Role conceptFig. 4). Role
and Basic concepts exist separately and have depdeatities. There is also no requirement foroéeRo be played
by a Basic, enabling empty Roles to be modelle®a&ic may affect the state of a role. AdditionallyRole may
affect the state of a Role.

The four key Roles that describe a system are jmuput, resource and control. An input represeurttat is
brought into and is transformed or consumed bysyistem to produce outputs. An output represents iwhmought
out from or is produced by the system. A resouscesed by or supports the execution of the syséeoantrol is a
condition required to produce the correct systetput[17][23].



The final concept introduced at level 1 is thatSgfnario. Scenario concepts are defined in orderduide a
method to describe multiple alternative instardiagi of system configurations that can be used $wvan“what-if”
questions. It is defined at level 1 in order tacbdts relationship with Basics and Roles.

3.2 Enterprise Process M anagement

The UML diagram depicted in Fig. 5 illustrates th@ology design for the representation of a networkevels 1,
2, 3 and 4 (this is divided into levels of spesialion as per Fig. 3). Each level is specialise@poesent more detail,
hence, at Level 2 a network is represented, at Beemanufacturing network is represented, arldwedl 4 a global
production network is represented.

The concepts that exist at Level 2 have been dsrdafrom Level 1. To represent a network at IeXethe
property of ‘network’ is a specialisation of systémm level 1 (a subtype of Basic), additionalle throperty of a
product is a specialised Role for the purposegpfasentation at level 2.

The key concepts at level 2 to needed to represamdtwork (as per Fig. 5) are customer, suppliesdyct
(which are subtypes of role), network (a subtypeystem) and environ factors. For the purposed &XNET, a
products is a process output, A Supplier is “ayp#rat supplies goods or services” [24], and a @ust is a “party
that receives or consumes products (goods or ssijvand has the ability to choose between diffgpenducts and
supplier” [24]. Environ Factors are influencing tiacs from a System’s surroundings. For exampleradyction
system will be influenced by surrounding productsystems - a production system should not prodym®duct X,
if X is produced by another production system ngatinked with these are two level 2 axioms:

- a network must contain more than one system
- a basic playing the role of an output must playrole of an input

The level 3 section of the ontology further speséd the properties used to represent a netwoldwvel 2, by
progressing to the definition of a manufacturingneek. The purpose of the level 3 aspect is to rhadd represent
manufacturing processes and decisions. The conogmtssented at the manufacturing business sysdtemis3 are
manufacturer, manufactured product, manufacturetgvork, all of which inherit from their related keh2 concepts.
Additionally, a gateway is represented to enabdecthtology to support modelling of decisions regagdlternative
process flows, this is a basic with at least ompeiirand one output, based on the BPMN Gateway Bsdelement
[25]. A Manufacturer is an “Entity that makes a dathirough a process involving raw materials, congmis, or
assemblies, usually on a large scale with diffeogatrations divided among different workers” [24]Manufactured
Product is a product that exploits or consumesvamaaterial. A Manufacturing Network is a Network iath is
concerned with the design, finance or productioa bfanufactured Product.
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Figure 5: Level 2 designed systems ontology corscepéded to represent a GPN.

For level 3 there are seven axioms that exist deagra gateway, these are:
- a diverging gateway has only one input and 2 erenoutputs
- a converging gateway has 2 or more inputs ang @m output
- an inclusive diverging gateway has one inputtawaor more outputs
- an inclusive converging gateway has one defaplitiand two or more inputs
- an exclusive diverging gateway inherits from @aelusive diverging gateway
- an exclusive converging gateway inherits fromeadusive diverging gateway
- a manufacturing network must contain the role ufactured product

The level 4 section of the ontology further spéséd the ontology used to represent a manufactaengork at
level 3, by progressing to the definition of a glblproduction network. The concepts added at tinell are
Production Network, Global Production Network (GPMWyoducer, Start and End. A Production Networlais
specialism of a Manufacturing Network which is cemed with producing a Manufactured Product. A @lob
Production Network is defined here as a speciatifenProduction Network which contains Roles plabgdyjlobally
dispersed Systems. A Producer is "a person or éssianterprise that generates goods or servicaslfr[25] and



is a sub-type of Role. A Production Network is cenmed with a production process which requiresaat $ind an
End. An End prevents infinite loops forming in tAeoduction Network by providing a breakpoint. Fevdl 4 there
are eight axioms that apply, these are:

- a production network must have a start eventaanend event

- a start event is a specialised type of basic lwvhas an output role only

- an end event is a specialised type of basic whéshan input role only

- the basic playing the role of a product(-serviog)st also play the role of an end event input ipr@duction
network

- a production network must contain the role preatuc

- a production network will contain the role sugepli

- a production network will contain the role custom

- a system playing a role within a GPN must hawéren factors

4. Conclusions

The work set out in this paper has put forward & fayered ontological model to provide the baeisd reference
ontology to define and support global productiotwaeks. It is encouraging that this is currentlyrigedeveloped as
a New Work Item presently defined as ISO 20534:20886rmal Semantic Models for the Configuration@ibbal
Production Networks’, which was accepted at thelB®/TC184/SC4 meeting. This stipulates that thekeenefit in
approaching the subject matter in this manner.

Commercial organisations constantly deal with utaiety when reacting to customer needs and trymg t
introduce new technologies. The three industriadl eisers involved within FLEXINET have expressed and
reinforced this viewpoint by way of a set of deysd end user requirements and a number of develogedases
(see Fig. 6). Therefore, to meet these demandseahtiustrial end users within the project requfoemal semantic
models that can represent the complex, dynamictearssient nature of global production networks. Sehare
needed in order to respond effectively to the Bexiproduction requirements demanded by the incrgdmisiness
need for rapid product-service change. These stdisga reference models provide the foundation frehich
industry specific solutions can be adapted andigeoa shared basis upon which all the parties imtan develop
a common understanding.

Food & Drink Use Cases

Development of Product-Service
Production Refarence Ontology

Figure 6: Use case input into the developmentefréfierence ontology.



FLEXINET has a clear ontological research objectiee'define reference ontologies from which toeb#ise
flexible re-configuration of globalised productioetworks'. The definition of these standardise@éreice models
has been the subject of an on-going EU FP7 prdfecEXINET 608627) and a related IMS project called
Configuration Services for Global Product NetworGSGPN). The resulting models are under test ieethr
manufacturing sectors: the pumps and valves ingusite white goods industry; the food and drinkuistly.

Further work will focus upon questions concerning thie ability of the reference ontology to suféintly
represent the three different manufacturing seatepsesented by the industrial end users, (ii)nitédin of the key
concepts and relationships within the referend®logy and (iii)) to what extent can the rules amohstraints be
defined generally? Addtionally, there will be effptaced upon validating the reference ontologyraagh. This will
focus upon testing it utilising the end user usesesaand results will be evaluated against the eeérand user
requirements. This will provide feedback and enéblative development.
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