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Abstract. This article presents a model-driven approach maprove
interoperability of enterprises information systerikis approach proposes to
design a mediation information system (MIS) dedidab deal with exchanged
data, shared services and collaborative proceIbesMIS design crosses the
different abstraction layers (business, logic aechhological) and exploits at
each level the associated models to build the rsaafehe next level. Actually,
industrial collaboration is characterized (using @mology) to deduce the
associated collaborative process, asGbmputer Independent Model (CIM) of
Model Driven Architecture (MDA). Then, extracting and transforming the
knowledge provided by this model of collaborativeoqess, the logical
architecture of the MIS is designed, as flatform Independent Modd of
MDA. Finally, this article presents perspectivesnaerning first, the
transformation of the logical architecture into tbenfiguration files of the
physical architecture (the Platform Specific ModéIMDA) and second, the
aspects of agility of such a MIS.

Keywords: Interoperability, Information System, Mediation, MDOntology,
SOA, ESB, Collaborative Process, OWL, BPMN, UML, PgatéATL.

1 Introduction

Collaboration of enterprises is a main stake of amays industrial ecosystem. The
capacity of partners to collaborate is consequetlycrucial requirement for
enterprises. According to Inter@pnteroperability is theability of a system or a
product to work with other systems or products without special effort from the
customer or user [1]. For us, Interoperability can be seen as thdtimate
collaborative maturity level (of organization) adapted to Integration, whicim &
seen as thaltimate collabor ation level (of network).

1InterOp is a European Network of Excellence (Nd&fjlicated to Interoperability issues
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1.1 Hypothesisand point of view

Considering the fact that Information System (IS}he visible part of an enterprise,
our point is to tackle enterprises collaboratisuesthrough ISs interoperability. Yet,
one strong hypothesis we base our work on, isgadhers’ IS are supposed to follow
the same conceptual logical model: Service Oriertathitecture (SOA) [2]. Once
this “philosophy” defined, I1Ss interoperability mag supported through a mediation
approach. According to [3], IS can be seen as afswiteracting data, services and
process, thus [4] and [5] propose the three follmanain interoperability functions:

e Conversion and delivery of data,

¢ Management of applications (or services in a SOntext),

¢ Orchestration of collaborative process.

We believe that partners’ ISs can not assume ngtitleose three functions
(without a strong logic and technical standard@ativhich seems to be too reducing).
A Mediation Information System (MIS) seems to beredible and pertinent way of
supporting 1Ss interoperability as shown in negtfe:

Interoperability Provider Partner A

Information System A

Partner B

Information System B

Fig. 1. Interoperability of Information Systems (througMadiation Information System).

Finally, the MIS should be able to deal with theeth functions identified below
among a set of SOA partners’ ISs. It should so laifg the knowledge about
partners’ data, (ii) a repository of partners’ see¢ and (i) the model of the
collaborative process that should be run and théfleav engine able to run it.

1.2 General approach

The global aim of this article is to propose a Mi&sign approach based on model-
driven concepts,e. a dive across abstraction levels (business, lagittechnologic),



Proceedings of MDISIS 2008 91

using tools such as model transformation and ogtoldigure 2). Considering one

particular collaborative situation, the proposeitigple is to use the knowledge about
that collaboration (enterprises involved, rolespaiogy of the network, services

provided, goals, etc.) to instantiate a networkolmgy. Deduction rules can be

applied on this collaboration model to propose aleh@f collaborative process (CP)

asComputer Independent Model (CIM). Extracting the knowledge embedded into this
model of CP, model morphism mechanisms can be epfbased on CP and MIS

metamodels) in order to propose a model of thecl@gchitecture of the adequate
MIS asPlatform Independent Model (PIM). Finally, using this logic model of MIS, a

final step of transformation mechanism can be eteztun order to obtain a

technological configuration of the dedicated MISPéatform Specific Model (PSM):.

Knowledge on ( )
the collaboration Sectlon 2
:u: Mode of t_he
BUSINESS collabor ation
(~ Modé of the

) e ” collabor ative
Section 3 ;g process (CP)
LocGic
Model of the
logic architecture —
of theMIS Section 4

MIS supporting \__J o
the collaboration

Fig. 2. Global principle of MIS design through a Model-Bah Approach.

1.3 Positioning in Enterprise Interoperability Framework

The interoperability framework of InterOP is preszh in [6] and is defined
according to three major dimensions (which aredatailled here):
* Interoperability levels (Data, Service, Process Buasdiness),
* Interoperability barriers (Conceptual, Technolobarad Organizational),
* Interoperability approaches (Integrated, Unified &ederated).
The work presented below may be positioned accgrdirthe following figure:
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Fig. 3. Position of the presented work into the enterprigeroperability framework of InterOp.

The chosen way to tackle interoperability issubased on a common metamodel
of IS (SOA): (i) it does not implies standards (degrated) and (ii) it does not allow
a complete freedom of models and languages (nardg¢ed). The approach is so
Unified. Using collaboration models to align goals witbposed processes deals with
Business level while the logic MIS metamodel deals wiRhocess, Service (SOA) and
Data (SOA). Finally, the CIM to PIM transformation comns Organizational barrier
(dynamic, responsibility, etc.) while the CIM to NPland the PIM to PSM
transformations concerifechnological barrier (logic and physical architecture).
Conceptual barrier is supposed to be already brakémthe will of collaboration.

2 CIM Levd

The first step of this work aims at using informatiabout collaboration to build
collaborative process model. This CIM design attivis based on a task of
collaboration characterization using the CollabweaiNetwork Ontology (CNO) [8].

This ontology includes two sub-ontologies connected deduction rules: (i)

Collaboration Ontology (CO) and (ii) CollaboratiPeocess Ontology (CPO).

2.1 Coallaborative Network Ontology

According to [9] and [10], an ontology is a suilVay for knowledge management:
it is a formal and explicit description of conceptsa particular field or domain, of

properties and characteristics of these concepdsoarhe relations between them.
These concepts can be instantiated to create aeterknowledge. From a graphic
point of view, an ontology can be represented lgyaph which nodes are concepts
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(with their properties) and which links are relaicbetween concepts. This structure
allows semantic deduction on instances. The CNsbigsvn on next figure:
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Fig. 4. Graphic representation of the Collaborative Netw@riology (CNO).

The CO concerns the characterization of collabegatietwork (common goal,
relationship, topology) [11] and the characterstiof participants (role, abstract
service, etc.). A collaborative network has papicits and common goals. Common
goal achieves abstract services. Participants g (e.g., seller, buyer, producer)
and provide abstract services (e.g., marketingsatel procurement). A network may
have topologies (with duration and decision-makjogver) and contain relations.

The CPO is an extension of the concepts developaldebMIT Process Handbook
project [12] and integrates a proposed CP metand®¢l Business service concept
explains task at functional level (e.g., obtain esrddeliver products, pay against
invoice) and have input and output resources (mgchine, data). According to [12],
two business services are dependent of each dthieeyi have a common resource.
Each dependency will be associated to a coordimatévice (e.g., manages flow).
Which is a response to problems caused by depeiederithis means a coordination
service manages a dependency. Coordination seraieeBllS services since MIS is
defined as a mediation system managing the colioor.

2.2 Deduction rules

Connections between ontologies (CO and CPO) caddgified via deduction rules.
Rules are written in SWRL (Semantic Web Rule Lamgu§l4]) as antecedent-
consequent pairs. Five groups of rules have befmedke (i) role and abstract service,
(i) business service, (iii) dependency, coordimatiservice and CIS service, (iv)
common goal, and (v) topology. Only the first thggeups have been implemented.
The next lines present three rules representinghiiee main group of rules:
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participant(?x) O playRole(?x,?y) O performAService(?y,?z)
« provideAService(?x,?z)

Relation between role and activity is discussefl&]. The aim of this rule of the
first group is to derive abstract services wherole s provided. This rule can be
explained for instance: if participant “A” playsled‘seller” then the participant “A”
provides abstract services “sell service”, “sethqurct”, “sell items from stock”, etc.
However, this rule will run fine when each rolethe knowledge base has already
been predefined its corresponding abstract service.

participant(?x) O provideAService(?x,?y) OhasBusinessService(?y,?a)
« provideBusinessService(?x,?a)

This rule from the second group, is interestechexdeduction of business services
when an abstract service is provided. For instaifiparticipant “A” provides abstract
services “sell product” then the participant “A”opides also the business services
“obtain order”, “prepare products to deliver”, “trgfer invoice”, etc. However, this
rule will run fine when each abstract service ia kmowledge base has already been
predefined its corresponding business services.idéw of separating two levels of
services into abstract services and their relatmsihiess services comes from [12].

CNetwork(?a) O hasRelationship(?a,?z) OP1(?z,?y) 0P2(?z,?x) ]
provideBusinessService(?x,?b) OhaslInput(?b,?d) |
provideBusinessService(?y,?c) OhasOutput(?c,?d) O manageResource(?f,?d)
O Dependency_between_BusinessServices_of_Participant s(?e)

« fromBusinessService(?e,?c) OtoBusinessService(?e,?b) O
containResource(?e,?d) OisCoordinatedBy(?e,?f) 0 hasMISservice(?a,?f)

O MiSservice(?f)

This rule from the third group aims at deducingeata®encies when two business
services have a common resource as discussed nH&® instance, if the “place
order” service of a buyer produces a “purchase rdrde output and the “obtain
order” service of a seller uses a “purchase orderihput then a dependency between
these two services is established. Once the depeigde known, coordination
services can be deduced from dependencies. Thioorelzetween dependency and
coordination is discussed in [16], while the fauatt coordination service should be
included into the MIS derives from [17]. For instenif the dependency refers to the
resource “purchase order”, then the coordinationice which manages that resource
is “manage flow of document” and is added intoNh&.

2.3 Supporting toolsand application scenario

As we have discussed previously about the ontolxgy the deduction rules, this
subsection will focus on the proposed tools to supthe approach (including the
ontology, and the rules). The following figure shwothat the global architecture is
composed of four parts: (i) knowledge gathering, kihowledge base and deduction
of collaboration pattern, (iii) extraction of cdiarative process related to given
collaboration cases, and (iv) BPMN relevant proc@$e schema below shows the
four parts of the ontology-based approach withsamled at each part:
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Fig. 5. Graphic representation of the Collaborative Netw@ritology (CNO).

The current application covers the first three paxcept the complements in the third
part and the whole fourth part (this is a work igeed — progress):

Part 1. Knowledge gathering. The knowledge to gather can be divided into two
parts: (i) characteristics of the studied netwamdationships between participants,
common goal, etc.), and (ii) participants’ detdiisles, services, etc.). To gather the
knowledge, a tool called Network Editor (NE) haemeleveloped. It will be used to
facilitate to define and characterize the collabigeanetwork. Once the collaborative
network model has been defined (network and pasfnaccording to interviews and
informal validation of all involved participantde second phase can start.

Part 2: Knowledge base construction and collabor ation pattern deduction.

First, the knowledge base is created and populaitd some individuals. The
knowledge base contains only standard individualg.(business services, roles,
coordination services, etc.). Building this knowdecbase requires an ontology which
is the CNO. The CNO has been informally definedliasussed in the subsection 2.1
and is formalized with OWL (Web Ontology Languags)ng the tool Protégé® in
order to construct a knowledge base [8]. The dédluctles, discussed in the section
2.2, are included as a part of the ontology [14}e Tindividuals come from the
dataset, which is an “OWLized” version of [12] (whi can be found at:
http://www.ifi.unizh.ch/ddis/ph-owl.htr)] and are stored in the knowledge base in
their corresponding classes with their specifiqoerties.

Second, the collaborative network characterizeanfth to the NE) is imported into
the knowledge base as a set of new individualsod amportable, this network model
is transformed to an OWL model (accepted by Pra@@géhis transformation is done
using XSL (eXtensible Stylesheet Language). Onceithportation done, deduction
can be performed by executing the SWRL rules withless© engine [14]: Jess is in
charge of creating new OWL concepts and insertiegitinto the knowledge base.
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Part 3: Specific collaborative process extraction. This part aims at creating a CP.
SPARQL Queries are used to extract the collaborgt@iterns corresponding to the
studied network. The set of obtained patternsdadformed into a CP using XSL.
This CP is injected into a Collaborative ProcessdECPE) using its own DSL

i C fai A B

4 distributor & buyer & seller

| 1 Delive‘ | 1 Placeiurder‘

9 Receive_producs 9] Obtain_order|

9 Deliver_product|

|' o Pay

= moghey
= money (= goods

= invoice

= Schedyle

=] Move_resource_from_producer_to_consumer

=] Schedule |-i| Manage_accessibility_of_payment
=

Fig. 6. An example of a collaborative process represeint&PE.

The produced CP (figure 6) is perfectible beca(igesome structuring elements
are missing (such as gateway, events, etc.) andléntified tasks are semantically
linked with the Process Handbook (and not withrted services of partners).

Part 4: BPMN collaborative process construction. To obtain the BPMN model
expected at the CIM level, a transformation ofab&ined CP model (based on CPE)
into a CP model (based on BPMN) is needed (figyr& e transformation language
used is Atlas Transformation Language (ATL) [18R] which is QVT (Query, View
and Transformation) compatible. QVT is an OMG splkzed language.

cPECP || BPMN CP
Metamodel LR l . [ Metamodel
@J Transfo nrules
(model mor phism)
. Transformation .
XML File of mechanism Ecore File of the
the CP (in CPE) - sl — CP (in BPMN)
. Mot b

CPE mml» D > {8 BPMN
— e ~ J Editor

ATL Transformation World

Fig. 7. Transformation of a CP modeled with CPE into a GRlefed in BPMN (using ATL).

Transformation rules are globally simple, due te 8emantic proximity of the
source language (CPE DSL dedicated to CP modeading Xarget language (BPMN).

2 Domain Specific language: Custom graphical designét on the fly for one specific field.
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3 PIM Leve

The obtained CIM (according to section 2) is dedidato provide the formalized
knowledge about the collaboration to be. The objeaf the PIM level is to use that
knowledge to build (in UML) a logic model of theeagliate mediation IS (the PIM of
the MIS). The relevant question is the followimngthe knowledge embedded into the
BPMN process model, of the CIM level, a sufficient and significant knowledge to
build a logic model of the adequate mediation information system in UML? Based on
[20] and [21], this discussion is done in [22] ar@hclude that, if partners’ services
and data (concerned by the collaboration) are ctiyrédentified, it seems that a
BPMN collaborative process model might be signiiicen build a UML model of the
logic view of a mediation information system.

3.1 Involved Metamodels

The next figure represents the source metamodsdita@borative process:

1]0..1
61 o
partner task | | CIS task | [ start event | [intermediate event | [ endevent | [ gateway |
| |

i (I (I | [ | |rtvpe |
T T T T T [ 1

47 ‘ I T
[ task | [ Sub process | 1 i crs i
|+tvpe | e ——
 — N

Fig. 8. Metamodel of collaborative process in BPMN.

The collaborative process metamodel is composedtivt following elements:
«  BPMN process: this abstract class represents a model respaBBMgN grammar,
e Collaborative process: this class inherits from the abstract clBB8N process,
» Partner pool: this class represents a partner,
e CISpoal: this class represents the MIS,
» Partner lane: this class represents a subdivision of a partner,
» ClSlane this class represents a subdivision of the MIS,
» Message flow: this class transfers a data betweguardner pool and theClS pool,
»  Seguence flow: this class transfers a data between elementsedi & pool,
* Partner task: this class represents a task of a partner (oits sérvices),
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e ClStask: this class represents a task of the MIS (onésdfarvices),

e Sart/intermediate/ end event, gateway, sub-process. BPMN modeling basics.
e ClScomponent: this abstract class represents each elemene &fi §pool.

« mfIN andmf OUT: these classes are the extremities Bffieasage flow,

« sfINandsf OUT: these classes are the extremities Séquence flow,

The target MIS metamodel (figure 9) is based onRiM4SOA model [23]. Three
packages are proposed corresponding to three &the final result:
*  Servicesview: services (from MIS or partners) used in the dmitation. They are
business reachable computing functionalities wattation. This view includes:
e Service, operation: services (abstract) and their functional elements
e Partner services: this package contains srvice registry referring to
partner service and theirpartner service description,
e ClSservices: this package includemllaborative services.
e Information view: data that are exchanged between services. Thiaotwe is
defined as well as their emission and receptioviees. This view includes:
« Business object: this class represents a data exchanged betwegoese
* Format, semantic definition: these classes document a business object.
* Process view: scheduling and coordination of services. Thiswigcludes
elements of workflow modeling (partially based oREB- modeling).

Services wviews

+out 1 partners services 1
NTa] =] eI | = -~ P = — =
| [ ST |
! ! 1 1 |
1
- TS services]
operation 1
| collaborative service | |
L 1|
- = ﬁl
1 <timport>>
'
'
I information view] 4
! T
T
'
=
[ P

process wiews

[event nandler |

| ==import==

riable [ | state wariable | -
| |
| |

| ;I structured sctivty | 1 teontient
+contient

+tait appel & | | ‘ | ﬁll |
| pick | | flowr || while || ss quence | ‘ scope | | swritch |
L |1 1L 1L |1 i

+utilise [(invoke | [[receive

+definit dans

Fig. 9. Metamodel of SOA Mediation Information System iML.

3.2 Transformation mechanism

The transformation language used here (from BPMMlgorative process to UML
SOA Mediation Information System) is, as for thé/Qevel, ATL [18], [19].
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BPMNCP |

| |
Metamodel ‘ g | | S SOA
Transfor nrules
e (model mor phism) UML SOA UML
I ‘ Metamodel Profile
Transformation

XML File of mechanism XML File of the
the CP (in BPMN) MIS (in UML)

: ayt o
BPMN T > ' my UML
e MIS SOA
ATL Transformation World —

Fig. 10. Transformation of a BPMN CP into an UML SOA MIS iug ATL tool).

Transformation rules are not trivial, due to coriaapdifferences between the two
considered worlds (business and CIM logic architejtand are of two kinds:
e Mapping rules: rules applied first to build MIS logic elementstih CP elements,
e Calledrules: rules applied secondly to link MIS logic elements
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Fig. 11. Mapping rules for basic generation of the serviesv and the information view.

On figure 11, rules are represented by circlehémiddle of two class diagrams
which are parts of the primitive metamodels: soflet) and target (right).

The service view of the MIS model is represented in figure 11 (pedtt). Pool and
lane classes are mapped on the different servempsred (partners or CIS services).
Rs1 rule gives the links from tasks in the CP madedervices listed in the registries
(specific or generic). Rs2 to Rs5 rules provideisohs for the structure of services.

With the same logic, figure 11 (right part) intragd two transformation rules
applied for theinformation view. Transformation provides syntactic indicationsttha
helps to create business objects (Rules Ril andp&i2). However, the problem of
translation refers to semantic interpretation thatdo not include in this part of the
study (Remaining part of Ri2 is probably not a rsttaolution).
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In contrast, figure 12. is the most developed péathe transformation procedure.
The process view package has been designed using specificatiotteedBPEL meta
model. BPEL is massively used for specificationaab services process execution.
Some of the rules in figure 12 are adaptation®odmmendations provided by BPMI
when they address the problem of BPMN graph comverso BPEL well defined
XML sentences [24], [25]. It concerns rules Rp&Riw6, and rules Rp8 to Rp9. Rules
Rp1, Rp2 and Rp7 participate to the definition @brdination activities.
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Fig. 12. Mapping rules for basic generation of the procéss.

Three called rules (Rb1 to Rb3) are given in thi®fgang as an example.
* Rbl: sequence ordering. A sequence element issued from Rp3 rule is associated
with two basic activities into the same proceskpge.
e Rb2 : information processing. A service from service package is related to a
business object of the information package.
» Rb3: serviceidentification. A basic activity of the process package is linked to a
service of the service package.

4 Perspectives

Three main parts have to be completed in orderotoptete the results presented
below: (i) mapping between identified services aedl business services (i) PSM
Level, and (iii) agility of the MIS.
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4.1 Mapping between identified services and real business services

The CP model obtained at the CIM level synchronit@sks which have been
identified form the Process Handbook [12]. Howetkese tasks are the ones used to
generate (through the ATL transformation tool) MES logic model which refers to
partners’ services. That is why a semantic stepthdse added in order to identify
from the generic Process Handbook tasks of thealoothtive model in BPMN the
specific services of partners which will be refereh into the MIS logic model.

This step is not a trivial one but it is importdatrealize how much the obtained
CP model facilitates it: indeed, the structure ltd BPMN model provides to each
partner the precise subset of the generic Procasghhdok it has to share in order to
ensure the expected behavior of the network. Funtbee, these generic services are
“atomic”, that is to say that they are preciselgritified at a low level of granularity.
Thus, if that step could not be fully automatee, thanual way would be acceptable.

4.2 PSM Leve

The logic model of the MIS, obtained at the PIMdkvis not dedicated to one
specific technological architecture. The next stepo to identify this target physical
system to build its metamodel in order to driveAdrL transformation (like between
the CIM and PIM levels. Indeed, once thetechniceahigecture known (which should
of course respect SOA principle), the projectiothaf PIM logic model will be based
on model morphism and mappings between logic compsnand technological
components. We believe that the semantic proxiofitthese two architectures (logic
and technological), partially due to the SOA caoaisi, will facilitate this step.

Furthermore, the target technological architechume been identified with EBM
Websourcing: PEtALSEnterprise Service Bus is an adequate technidatico to
support the proposed MIS. We are currently workimgthe model of that ESB in
order to propose the transformation mechanism adaptthis PSM level.

4.3 Adgility of theMIS

An industrial network is not a stable and permamrsanity. Partners may leave or join
the collaboration. The ability of such a networkstay efficient and to evolve with
internal or external variations is a firm factor qdiality and maturity. The French
project ISyCri (Interoperability of System in Cdssituation [26]) tries to propose
several stages of looping which would improve téily of a collaborative network:
(i) a global loop concerning the CIM level whichligle to restart the whole process
(collaboration characterization, CP modeling, Mi&it modeling and physical
projection) due to major modifications (based ornaswge of distance between the
current model and the objective situation), (ii) intermediate loop centered on the
workflow definition which allows to modify the press without changing the
collaboration characterization, and (iii) a shodop dedicated to technical

3 PEtALS is an open source ESB of thigiect\Web consortium: see http://petals.objectweb.org/
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orchestration of the workflow and the capacityta MIS to suspend, modify or abort
a dynamic in order to reroute or adapt the workflbased on human instructions).

5 Conclusion

The following picture illustrates the global positi of the results and perspectives
presented in this article:
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Fig. 13. Global overview of the article.

The classical “Y” of the Model-driven approach hmeeen subdivided in order to add
the logic metamodeling induced by the model tramsédgion step at the PIM level.
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