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Abstract. Interoperability problems which can occur durthg collaboration between several enterprises can
endanger this collaboration. Consequently, an erserpnanager needs tools in order to analyse rapha!l
enterprise network and then become able to anteipéeroperability problems. Thus, the proposaatragach

in this paper is based on the specification of progs, representing interoperability requiremeats] their
analysis on enterprise models. Due to the concklituits of existing modelling languages, formatigithese
requirements and intending to translate them utigeform of properties need to add conceptual brrants

to these languages. Finally, the analysis of tlopgnties on enriched enterprise models, by forrhatking
techniques, aims to provide tools allowing to re@sg@ on enterprise models in order to detect
interoperability problems, from an anticipative man

1 Introduction

The interoperability concept is started from a pgwéware problem in the middle of 90’s where it&fined as
“the ability of two or more systems or componentxithange information and to use the informaticat thas
been exchangéd[l]. Since a decade, although some efforts haesnb made to develop enterprise
interoperability concepts, especially in Europe emdarious projects from FP5 and FP6, there i$ rstilan
overall satisfactory solution on interoperabilifor example, [2] defines interoperability athe ability of a
system or a product to work with other systemsrodpcts without special effort from the customerser.
Interoperability is then analysed by consideringnudtaneously different levels of detail of the peih out
enterprise (business, process, service and dath)traee kinds of barriers (conceptual, technoldgerad
organisational) i.e. three kinds of ‘incompatilyilitor ‘mismatch’ obstructing sharing and exchangidata.
According to this, the classification of some rethtworks and solutions for interoperability issuxExome
possible. A lot of research and development workgehbeen done concerning the conceptual barridr asic
UEML [3] or PSL [4]. The goal is then to providelstions to solve syntax and semantic problemshéndame
way [5] proposes and interesting approach in otdetesign a Mediation Information System dedicatedeal
with exchanged data, shared services and collaberptocesses. This approach covers the technaelogitd
organisational barrier but considering only infotima system point of view. Other approaches areided on
the definition of maturity interoperability modelset us cite for example LCIM [6], IEC 62390 [7])3! [8],
OIM [9] or EIMM [10] in order to evaluate the levef maturity of enterprises concerning their al@tto
collaborate with other enterprises. However, thay mbot propose tools to measure and to evaluate
interoperability itself. To solve this problem [lljroposes three kinds of enterprise interopergbilit
measurements: interoperability potentiality, inf@bility compatibility and interoperability perfoance.
Finally, all the works presented below do not pdevia relevant solution in order to detect interapaity
problems from an anticipative manner taking intocamt the different enterprise objects and thdatienships
within a network in which various enterprises mwstk together. Moreover, they do not allow ideritify, in a
formal way, what are the causes of interoperabititpblems. Furthermore, the analysis of organisatio
interoperability which depend from the structuies aivailable resources (human, material and apioligatheir
abilities and capabilities, the different processts. are not really developed.
The research work presented in this paper aimsrdoige concepts and formal supports for reasoning o
enterprise models in order to formalise and to ateteeroperability problems as proposed in anottemain by
[12]. The paper is structured respecting the preg@pproach shown in Fig. 1:
— Enterprise and Interoperability modelling: formatisn of concepts, existing modelling language ephgal
enrichment and property modelling.
— Enterprise model re-writing: from enriched model adllaborative process to formal model allowing
reasoning mechanisms.
— Checking technique and mechanisms: proving pragseiti order to check the interoperability requiratae
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2 Enterpriseand Interoperability Modelling

2.1 Definition of Interoperability in CARIONER Context

Interoperability is defined in the CARIONER projexg a crucial requirement having to be verifiedspgtems

when being in relationship (cooperation, collabiorat exchange) with other systems in order to assam

common mission. In this case, considered systeeeraterprises or parts of enterprises which hawetéoact in

a collaborative and common process with other prigas or parts of enterprises in order, for examal design

a new product, to produce and integrate differesntt @f a given product, etc. Formalising what kiofl

relationships can exist in this area allows usefing more precisely this interoperability requiesth First, the

relationship may be punctual or may exist duringenor less long periods. Second, all along thetiogiship

life cycle, systems must being able to:

— Continue to fulfil their own missions achieving thewn objectives and their own finality respectitite
common mission,

- Remain independent of other systems and thus allesume its autonomy when relationship will stiop.
another words, the relationship must be totallersible,

Third, this relationship should be beneficial tce thonsidered systems. In other words, even if alloc

deterioration of systems running conditions cangeeerally accepted during the collaboration, it doet

generate excessive loss of:

— Performance in terms of cost, quality and delay;

— Stability in terms of ability to solve problems imng efficiency loss when they occurs (excess capa
reaction time, failure, error of misinterpretati@mrstransmission, etc.);

— Integrity in terms of ability to stay efficient eavén case of modification of the structure of timegprise.

Last, any relationship between two systems indugesodification of the exchanged object(s). These

modification may concern time, space and form geadis. This modification may differ taking into acmt

environment and context of systems at the timelationship.

Then, interoperability is a multiform requiremeniteach system involved in the relationship. It eluderizes the

systems’ ability to communicate, to exchange andiddk together staying autonomous and efficientjradua

more or less long time. Of course, this ability elegs from the relationship nature and durationdeyends also

of the characteristics (behaviour, function andtire) of each part of the considered systemslation. So,

when designing a new system, here a new netwoektefprises, it is necessary to assume that ttiersgshere

enterprises, and the required relationships betwikem being created and managed during the cobdier

process check this requirement. This has to be tgrenalysing network model(s) and particularly cermed

enterprises parts models in order to anticipatepitodblems. A solution is to detect possible effeatsnon

interoperability and to deduce from an anticipativenner its causes. So, this can be done by:

— Quantitatively or qualitatively measuring the imteerability level through indicators, and/or,

- Establishing and proving the absence/presence ofi guoblems by using different techniques: test,
simulation, model analysis, and formal proof.

2.2 Formalisation of Interoperability Requirement



The formalisation of interoperability requiremenses the formalisation of the different abilitiesatththe
concerned enterprises or enterprise parts mustdraef the relationship itself.
In the next, any enterprise, process, activity of emterprise in relation with another one will hengly
considered as a processor inspired by [13]. A mameis a point where an object carried by a floen¢retising
the relationship) is processed i.e. transformedeéa, one or several object’s characteristics (tinturation,
delay, ... —, space — position, speed, acceleratienor form — geometry, colour, ... =) changertua processor
execution under the action of entities consideredesources of the processor and respecting sonsramts
and rules.

In enterprise modelling domain [14], a processar ba an activity, a service, a process, an enss@i an

enterprise network. Indeed, any of these proceassesresources (human actor, organisational urithine,

tool, or software application) as means necessamahsform the inputs into outputs.

According to the system modelling framework call®8GACE [15], three types of relationships between t

processors can be considered: transaction, coupimd) interaction. Each relationship induces a det o

requirements (functional and not functional [12]oirder to assume that concerned processors arepetable

when it is needed. All these requirements have thdre checked in order to detect and to avoidapterability
problems. So, enterprise parts (processor, ressuftm®ys, etc.) and interoperability requirementsisinbe
modelled.

The next part intents to formalise the interopditglriequirement corresponding to relationship tgoy.

— Transaction is the basic relationship and only focuses on ftber of exchanged objects between two
processors (supplier to customer) (Fig. 2). Thevflean carry material, energy, financial, informatior
human objects. The customer processor can uséawigs an input to process or as a resource whigiport
its execution.

To provide . To stock
flammable materials

flammable flammable

materials materials

Fig. 2. Transaction relationship example

Thus, according to the proposed definition of thierioperability and whatever may be the nature ljécis
carried by the flow:

« The customer processor has to be able to takeouount its inputs or resource flows.

« The supplier processor must be able to providaria,tspace and form the required objects.

These expectations must consider simultaneoustgrdift attributes of the objects or of the processbhese

attributes may characterize:

- Time dimension of the object such as synchronisatites, possible delays, etc.

« Space dimension of the object i.e. object attribuédated to the position of the object, its spesd, and

- Form dimension of the object i.e. taking into actoobject attributes related to the geometricafrfaf
the object, its colour, its temperature, etc.

Transaction concerning objects of nature infornmatioduce, for example, the well known problems foé t

syntactic and semantic (form) of the exchangedrin&dion. It can also be related to the organisatiaspects

(time, form and/or space) i.e. the rules indicatimogv the different entities in the enterprise areciured and

organised in order to fulfil the processor missiBar example, “is the actor in charge of a giveocpssor must

dispose of the required and updated informatiomalenvironment context, other processors andtialsilfor
controlling the processor execution)?”. Last, i ttase of the transaction illustrated in the (Fj. the

“inflammable material” needs a specific kind of @to(form). Moreover, human resources involved ie th

processor have to be authorised to manipulatenimfiable material (have the good skills) and havédodo

available.

— Coupling represents a reciprocal influence of a procesdon&med then controller processor to another
processor P2 named operating processor: the clemtpsbcessor P1 controls or constraints the ei@tutf
the operating processor P2 which have to provigertsng information and data to P1 as a feedbaok.lo
This relationship corresponds typically to the lindtween decision and operating systems in sydteory.
The interoperability requirements are then, in &ddito the ones of the transaction (based on fetate and
time attributes), more related to the objectivesconstraints provided by the controller processoithe
operating processor. Thus, in the case of the (igit is necessary that the “production objectivare
clearly defined and well understood by all the wees involved in the “Reach production objectives”
processor. Moreover, these production objectivee ha be reachable in order to not induced interaipibty
problems between the two processors. Concerninfedgback loop, the requirements are the same afnes
the transaction.
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Fig. 3. Coupling relationship example
— Interaction (Fig. 4) represents an influence of a processaartother processor requiring an intermediate

processor which plays the role of interface betwibertwo processors.
{

To produce Machine repaired
in normal
running conditions To transport
(by external enterprise)

Intervention To provide

i 4 To produce
(by external enterprise) materials Materials | Materials p
- - at at
Machine failure location A location B
Machine
_ To produce not repaired
in deteriorated
running conditions
4a 4b

Fig. 4. Interaction relationship examples

This interface remains required because some chafnyge or more attributes of time, space andféon of
the object carried by the flow cannot be done by ohthe two connected processors. However thefaue
processor cannot be controlled by one of the tvazgssors. For example, the interface processobeam
service provided by external entity and the entsgpcannot intervene during its execution. An iatgon is

then defined as a 3-uple {Event, Processor, Cantditivhere:

Event: event from which occurrence is requiredxecate the intermediate processor correspondirag to
interruption of the normal running of the processay. a machine failure (Fig. 4a) or simply the eifid
the processor (Fig. 4b),

Processor: description of the intermediate process@n input/output function,

Condition: condition under which the processor fudfilled its mission. In case of the condition net
valid, the processor cannot provide its output #msl can generates a hazard which can producetor no
another interaction.

So, interaction can have a stochastic behavioungakto account the event occurrence, the comitialidity
but also of external constraints.
In this case interoperability requirements focuseasially on the intermediate processor. Indeed:

Neither of the two processors can have an influencéhe behaviour of the intermediate processor. Fo
example, in the case of the Fig. 4b, the duratibthe “To transport” processor is related to exaéérn
constraints (as traffic jam, freight operatorskstrietc.) and moreover this processor belongs to an
external enterprise. The requirements consist therove that the processors are simultaneouslyeawa
about the possible risks associated to the fludnsitof interface processor behaviour and abledapt
their own behaviour, structure or functioning moifesrder to anticipate these risks occurrencesther
words, are the processors able to find alternativease of dysfunction of interface processor? For
example, a requirement for interoperability for theocessor “to provide materials” is to have an
alternative solution i.e. defined scenarios whicli tve executed when the event occur, in order to
provide the materials in time.

The relationships between processors and thisfacerprocessor can be considered as a kind of
Transaction relationship. So, the interoperabitiégguirements concerning transaction have then to be
checked to detect other interoperability problems.

2.3 From Interoperability Formalisation to Property

A property is defined by [16] asrequirement or a characteristic that models aftsygns must check property

is then modelled by using a causal relation betwe@ause or condition and its effect(s) or conolusiThe
causal relation can be of different types (logiealmplication, equivalence -, temporal constraira@dnot,
corresponding to influence or emergence) and istcaimed in order to take into account differenpdipesis.
From an informal manner, a property example caa ample implication between a cause describedfan*“
activity uses a resource” and an effect descrilsetthee resource has to be available”. In ordertonilise the
interoperability requirements, a formal notation prbperty named CREDI [16] is then used. It dessib
formally the cause, effect and relation concepts.CARIONER project, these ones take into accoust th



different modelling entities defined in the propdsaodelling framework presented after in the pag&rch
interoperability requirement is then described asteof informal properties by experts from the donby using
natural language such as “If a processorl provid®trial object to a processor2 then processorg tmhave
a stoking area which sufficient volume to accegeoti, “The mission processor is clearly expressed*The
true email address of the activity responsible thalse known by all activities which want to sendeamail to
this activity”. To use the checking technique prega in the next part, these ‘informal’ propertiesrdnto be
written into a formal language. Conceptual Grapagehbeen chosen. Conceptual graphs [17], [18] doome
the Graph Theory for formal knowledge modelling aamhlysis. A conceptual graph is a finite, conreécte
directed bipartite graph. It is defined as a grapth only two kinds of nodes: the concepts and rédations.
Then, each property is translated into a conceggtegbh by using interpretation mechanisms (considethe
concepts and relations extracted from the modelimguage which are described later in this papemese
ones are now under development and use the toollCANE [19]. The result is a set of conceptual graph
However, due to the conceptual limits of existingdwmlling languages, formalising these requirememtd
intending to translate them under the form of progs induces to adapt i.e. to enrich these madglinguages.

2.4 Impact on Enterprise Modelling L anguages. Conceptual Enrichment

Enterprise modelling domain provides several apges, frameworks and modelling languages which are

synthesised in [20]. The analysis of this SoA shdifferent thinks:

— The multi-view paradigm is required such as prodaseGERAM [21] or CIMOSA [22] in order to allow
actors to describe under several viewpoints arrgmige part or a network: information, processesopurces,
and organisation.

— Existing modelling languages are not able to previthechanisms or concepts for interoperability
representation.

So, the work is based on a system framework indpine the SAGACE approach as proposed by [23] (not

presented here) and a set of conceptual enrichréntse of these modelling languages on which CARER

project will focus and called BPMN (Business Prack®delling Notation) [24]. The primary goal of BRMs

to provide annotation that is readily understanelddyl all business users. Thus, it creates a stdizedd bridge

for the gap between the business process desigprandss implementation. According to [5], a BPMNdal

allows to represent mainly the behaviour of a systéis not possible to describe the organisatispects with a

sufficient level of detail. Even if some concept8®MN allow to represent a part of the organisatstructure,

the resources involved in a process are difficalrepresent. For example, in BPMN the resourcesoahg
software resources which are supposed to be aqdhldhd available and in order to analyse interdylitsa
problems we cannot assume that it is always truerebver, BPMN does not have concepts allowing to
represent the finality, the mission and the objesti of a system. Thus, to formalise interoperabilit
requirements, we need to add conceptual enrichtoghe BPMN meta-model. The meta-model of a moaiglli
language (enriched BPMN language), allowing to @spnt a model of the enterprise network to intenadmkty
analysis issue, is presented in Appendix. It hanbmplemented by using Graphical Modelling Framewaf

the Eclipse Platform [25]. This allows first to pide a modelling tool which is used in order toresent the

network and enterprise models, second to deveprhperty proof mechanisms presented in the reekt p

3 Enterprise Model Re-Writing

The approach proposes to re-write enterprise mdsded with our enriched BPMN language in otherdetmo
based on a formal language. The objective is taiobhodels without sense ambiguity in order to &Hecmal
properties describing interoperability requiremerithius, the enriched enterprise model is translatta
Conceptual Graphs by using formal rules not completescribed in this paper.

The re-writing procedure starts from the meta-madé¢he enriched BPMN language, established in UNtis
UML diagram is analysed and formalised in orderptovide all the needed concepts and relations ef th
Conceptual Graph. All concepts are obtained by idenisg all the modelling entities which will beagsin the
checking task. Thus, each class of the meta-mduiglglso its attributes) is translated into consepten, the
relations are obtained by translating each assooibetween classes into a relation between coscépen, the
defined concepts and relations (described in hibieal structures called concepts and relatiorigés) allow
transforming the enterprise network model buildwtlte enriched BPMN language into a conceptualtgrap
do this transformation, each marker (which refersgecific instances of concepts) has to be exaitom the
model in order to produce a unique conceptual g@pfihus, G gathers all the knowledge describethén
model.



4 Checking Technique and M echanisms

The checking technique is inspired by [26] and [@Hich use analysis mechanisms allowed by conckptua
graphs. These analysis mechanisms are:

Projection: This involves comparing the obtained conceptuaply coming from the translation of the model
with another one translating the property. If thejgction fails, then the modelled property canmetverified
and the causes are highlighted.

Constraint: a property describes what the links and/or cansts are between facts. In this case, the property
is translated on a positive or negative concepabh constraint. A positive constraint between fags A
and B must be interpreted as: “If A is true, themBst also be true”. Conversely, a negative coimstraust

be interpreted as: “If A is true then B must beséal(if B is true, A must be true or false).

Dynamic and static rules: A property is directly modelled as a property pmsed of a cause and an effect. If
the graph corresponding to the causes match wipart of the conceptual graph translating the system
models, then the effect must be checked in the seaye

The Fig. 5 illustrates an example of a propertyoply using the projection mechanism.
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5 Conclusion and Per spectives

This article presents the first results of the CBRER project. A formal model of interoperabilityquerement
in the enterprises networks context is introduckdset of modelling and formal proof mechanisms hiert
described in order to analyse from a static pointi@w the network model. The main perspectiveshid work
are the following. First, a reference propertiedmse and rewriting mechanisms have to be desglwporder
to help actors in charge of the network to anatysee rapidly the network and then become able twipate
interoperability problems. Second, rewriting medblars from network model and properties date base ta
be implanted in order to be interfaced with modetakers such as UPAAL. Third, other works in pregre
intents to make the gap between network model andngiched multi agents system allowing to simuthe
behaviour of the different parts of the enterprige®Ived in the collaborative process. The goakthtwo last
works is then to assume dynamic properties cahdrethecked.
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