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Abstract—Service-Oriented Architecture (SOA) has sig- In this paper, we present a Model-Driven Development
nificantly enhanced inter-organizational systems enablig  (MDD) approach where long-running service-oriented
business flexibility, Information Technology (IT) agility, and business process specifications drive the supporting IT

value generation. However, building a SOA that reduces ts: starting f bstracted Vi f th .
technology-driven business and leverages process manage- assets. startng from an abstracted view 0 e service

ment seems referring to the recurrent issues of business Interactions pertaining to a domain being modeled (i.e.,
process logic and IT alignment. This paper presents a model- in the design space), it is possible to generate a system
driven development approach where long-running business architecture (i.e., in the runtime space) as a configuration
service composition models drive their supporting service of interacting components that are based on a SOA.

implementation models. To progress on the successful route our first tivati is t ¢ te th ducti f
to a SOA engineering with minimal design decisions losses, ur nirst motivation IS to automate the production o

we propose a model-to-model transformation that preserves Component configuration models that are aligned with the
the architectural alignment between the business processid  business process models. The provisioned configurations
their supporting service implementation infrastructure. The  must provide an explicit architectural view of the business
result of the transformation is a component configuration — ,.,cass structure that has led to this service implementa-
model based on a SOA. It promotes the separation of business . . - . .
concerns, enabling quick and localized evolutions of the IT tion !nfrastructure. A design framework lfor this scenario
infrastructure. requires a model-to-model transformation method. We
propose to define a conceptual mapping rule specifica-
tion and its implementation between subsets of two spe-
cific metamodel: the Business Process Modeling Notation
(BPMN 2.0 [B]) and the Service Component Architecture
(SCA 1.0 [6]). The BPMN is used by business analysts
Service-Oriented Architecture (SOA) refers to an archi-to design business process logic for software solution
tectural paradigm and discipline that may be used for orgaspecifications in an SOA manner. In contrast, the SCA
nizing and building distributed software systems utiligin is used by system architects to logically modularize and
and providing capabilities based on business electronic secompose business functions in assemblies of components.
vices being under the ownership of different domains [1].The business functions are encapsulated in software blocks
It is said to enable inexpensive companies’ Informationthat consume and offer business services. These composite
Technology (IT) systems adaptation to changing businesapplication models can contain both new business services
conditions [2]. Nevertheless, this flexibility regardiffiet  created specifically for the application and business func-
readjustment of the affected IT systems makes sense ontjon from existing system applications, reused as part of
when considering the SOA as a part of the Businesshe composition. These models describe and guide the final
Process Management (BPM) [3]. system deployment architecture and its implementation as
As business processes define the order of work, thew solution for an organization-specific architecture or for
are directly related to the efficiency and effectiveness ofan extended network of connected enterprises. However,
the company. To avoid technology-driven business, thehe different usage spaces of the business processes and
managed business processes must be designed at the lethed system architecture causes a conceptual gap between
of business value exchange between the organizationthe produced models. To overcome this de facto gap, we
Accordingly, the business-driven systems based on a SOMtroduce a technique that improves the service-oriented
solution must be considered independently from a specifisemantic of process models before they are mapped into
supporting IT infrastructure [4]. However, when organiza-aligned component configuration models. Likewise, IT
tions must reflect evolutions in their existing business pro developers adapt these assets with less design decisions
cess models, the IT must also adapt to changing comparigsses, and without diverging from the business goals.
goals. Certainly, the SOA enables flexible service-orignte  This paper is organized as follows. In Sectloh II, we
systems, IT agility, and value generation, but obviously, i situate our MDD approach through the related work. In
refers to the endless interweaving and alignment issues @ectionTl, this approach starts off from the modeling of
the IT-level with the business-level logic. Hence, we needsoftware inter-organizational systems at a business-leve
to combine the business process modeling space with thgerspective, and leads through a model transformation,
core SOA concepts. in Section[IV, to a supporting SOA infrastructure. The

Keywords-Service Engineering, BPM, MDD, SOA, BPMN,
SCA, Business Process Logic and IT alignment
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specification of the conceptual mapping rules and theirim- A top-down SOA methodology where a business pro-
plementation, presented in Sectloh V, bridge the businessess perspective leads to an IT execution perspective, is
process design with how the service implementations casuggested in |2]. It advocates the integration of a business
be assembled, composed, deployed and monitored. Finallyalues perspective to the modeling process. Unfortunately
Section[V] concludes this paper, and presents the futuréhe approach is largely focused on the linkage between
directions of our research. business operational view and functional business service
view. It defines a methodology for the BPM design space,
but fails to provide a practical SOA development scenario.
In [3], the authors present a MDD scenario that uses the
Building inter-organizational systems in a SOA mannerEclipse SOA Tools Platform Intermediate Metamodel. The
that leverages BPM best practices implies a range ofcenario starts off with a business process specified in the
technical and methodological issues including the desigPMN, leading to an intermediate model and resulting in
and the implementation of systems models. From ar SCA assembly model|[6]. The approach is promising.
architectural perspective, the model of a service-orinte However, the absence of an accurate mapping between
system (e.g., the SOA Reference Model [7]) is a specificath® two metamodels makes the model transformation style
tion, for some particular purpose, of distributed businesg'0t Viable. For example, every process task is transformed
capabilities in a domain of a partnership federation. Fron"to @ simple component representing a single business
a process flow perspective, it relates to coordinate an ex3ervice. First, it requires further manual adaptation to
plicit exchange of information through automated service'®flect the initial process requirements. Of course, adgpti
interactions under the control of single endpoint, calledtn® generated component configuration necessarily leads
service orchestration[1]. Generally, a long-running aery {0 their misalignment with the business process layer, and
orchestration comprises many interactions between a set §fiPlies design decision losses. Second, this automated
federated business services. It refers to an automated exgansformation is fictional, since source metamodel con-
cution of a machine-readable description that decoupleS€Pts are mapped to conceptually different target elements
the service composition layer from its implementation. Unlike the previous approaches, we focus on the gener-
This model is obtained through a task-centric methodologytion of a canonical component configuration model that
in the design space. In the runtime space, the process tasR4PPOrts a high-level business process logic. Adopting a
are executed by a supporting component configuration thdf!DD approach to build software solutions based on a

contains effective artifacts realizing the business sesi SOA may require to use different technologies in the same

Several frameworks have emerged to help organizationd/Stem architecture, when implementing service infras-
In fact, the SCA assembly modg| [6] provides

to charter successful SOA solution implementations. Thdructure. _ _ _ _
Object Management Group (OMG) with its well known & framework for creating software solutions in a multi-

Model-Driven Architecture (MDA) approach, provides language and multi-platform environment that are based
a mean for using model transformations to direct the®n & SOA. Therefore, there is a need for agnostic industry

course of system development stages [4]. Application§tandard develo_pment_ techniques that can help business
are designed independently of their supporting p|atform_analysts to specify business process models qt a PIM level,
induced constraints. They stand at a Platform Independef{?d transform them to service implementation models.
Model (PIM) view without the details of a particular MOreover, by using a model-to-model mapping, the differ-
platform type and its technical requirements. A model€Nt system development stakeholdérs [11] provide to each

instance mapping approach, called conceptual mappiné’,ther' without any conceptual mix, readily understandable

can be used to identify elements in the technology-neutra’?omtion models that are defined for their specific space.

system model which should be particularly transformed, N€ next section shows the first step of our approach:

given the choice of a Platform Specific Model (PSm) & PIM design using the BPMN. Then, we show how
view. To automate the PIM to PSM transformation, it is thiS PIM maps to a PSM expressed in a domain specific
necessary to determine a conceptual equivalence betwediguage like the SCA. Finally, the PSM can be instanti-
the abstract elements of the used metamodels. In the SO@ted for & runtime environment and benefit from the SCA
space, MDA enables business-level functionalities to bdr@mework for deployment, execution and monitoring.

modeled with the Unified Modeling Language (UML) at
a PIM level while being separated from their lower-level
implementation[[8]. Certainly, SOA models used within  To study the issues of a development scenario for a SOA
a MDD approach can be expressed using the UML [4],solution, we have chosen the well-known travel booking
[9]. However, as UML is neither fully service-centered, service composition sample [12] as our motivating exam-
nor business process-oriented 1[10], it is necessary tple. This sample illustrates a few situations that occur
provide alternative methods to design the business procesghen modeling business process logic based on a SOA
logic independently of their implementation infrastruetu ~ with the BPMN. Figurd1l depicts two BPMN’s conversa-
Thus, model-driven design techniques needs to addresi®n diagrams representing the collaboration logic in the
the gap in existing UML modeling methodologies for the travel booking service network. In this business network,
business service design and the used lower-level standardbe travel bookerparticipant provides théravel booking

Il. BACKGROUND AND RELATED RESEARCH

IIl. FROM A PLATFORM INDEPENDENTMODEL
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Figure 1. A sample conversation diagrams with the BPMN. Figure 2. An orchestration process diagram with the BPMN.
makes the design activity very complex. To describe the

service to thecustomerand sells flight tickets, reserves ! . ;
hotel rooms, and provides car rental. In order to proVideautomated orchestration behavior, the atomic process step

these business services, th@vel bookerestablishes busi- of work are modeled as tasks:

ness links with other partners (e.g.,arine co. ahotel a « A service tasldefines a service usage. It invokes op-
car rental co, and wayments C()_exposing other services: erations on another external participant that prOVideS
flight reservation hotel reservationcar reservation and the requested service (e.gheck car reservatignn
credit card verification The diagram (a) in Figufd 1 shows Figure[lV, interacts with thear rental co).

the message flow exchanges between those participants,* A send tasks designed to send a message to external
and defines their interactions. The diagram (b) in Figlire 1~ Participants. For example, tieend booking response
defines a logical grouping of the message flows and service ~ task in Figure V¥ invokes an operation on ties-
dependencies shown as diamonds, called communications. tomerto send back dooking responsenessage.

The BPMN allows to specify system capabilities at a * A receive taskis a task that is designed to wait for
PIM level that support cross-domain sharing. The BPMN @ message arrival. For example, in Figlre IV, the
models express and put in logical relation the messages receive booking requesask receives thbooking re-
exchanged between internal processes of a domain’s part- Juestmessage containing treistomerequirements.
ners. Processes are focused on composition of services,* Other tasks can define scripts to be interpreted by the
and in that sense services become process activities. In €ngine executing the process (egpnfirmationand
turn, the processes become composite services. The busi- €valuation reservation resutasks in Figuré V).
ness services are modeled as processes that expose theilJsing the BPMN at a PIM level can provide the suffi-
capabilities through provided interfaces and consumerothecient business logic and conceptual information needed to
services through required interfaces. A collaboratioenef build a complex software solution in a cross-organizationa
to the interactions between a collection of participangs th setting which is based on a SOA. From an architectural
represent business entities or roles, and which form a busperspective, a business process model is not only intended
ness service network. To define the business process logior modeling the embedded automated process logics of
of each partner pertaining to a domain being modeled, théhe business services. It also specifies the inter-progesse
BPMN refers to a service orchestration as a participant'dogic and their architectural composition settings.
private process. For example, Figlrg IV shows a process
of the travel bookerparticipant of Figuréll. IV. MAPPING OF THEBUSINESSPROCESSMODELS

The process starts with the receipt of a travel booking Software architecture is a discipline related to the de-
request from acustomer After a check on a credit card sign of high-level structures in complex systems. In the
verification, the reservations are made for a flight, a hotelcontext of the service-oriented engineering along with the
and a car rental with the specific business service provideromponent-based architectures, we understand this term
(e.g.,payments co.hotel airline co, andcar rental co). as a framework for describing the functional attributes
The car reservation may need more than one attempif a software system and their relations. Especially, the
before to succeed. After theonfirmationof the three attributes which are consistent across the system spec-
reservations, a response is sent back to ¢hetomer fification, implementation and deployment. The BPMN
The lanes are used to organize and categorize procegpsovides features to specify business process models for
steps as internal sub-roles defined within ttavel booker complex service-oriented business networks. In addition,
process. To sustain the separation of concerns [11] in ththe SCA provides a component-based model to build
service orchestration logic, each sub-role contains tasksoftware solutions in a SOA manner. It offers a way
invoking or providing operations for a single external to logically modularize complex systems into component
service provider or consumer (i.e., relative the partiotpa configurations which are assembled together to create
Generally, this design is simpler and less error prone thasolutions that serve a particular business need. It is a
the one consisting in separating the orchestration swésrol serious candidate to describe a system architecture.
in separate process pool. Of course, the combinatorial Starting from a business service composition model
considerations introduced by the later design approachvith the BPMN, it is possible to obtain a deployable
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Figure 3. A travel booking monolithic implementation withet SCA. Figure 4. A travel booker implementation with the SCA.

component configuration architecture that captures the Unlike the previous monolithic method, we argue that
inter-process collaboration topology. For example, Fégur the mapping must preserve the separation of business func-
shows how the business process model of Fidure tional concerns as they are defined in the business process
can map to a component configuration depicted with themodels. The functions of the obtained components should
graphical syntax of the SCA. Theavel booking network be aligned with the specified functional separation of the
composite groups and links components built from dif-business roles. For example, the sub-roles defined in the
ferent implementation technologies, allowing approgriat orchestration process of FigurellV should match with the
technologies to be used for each business activity. Eachomponent configuration of Figufé 3. Like it is depicted
participant in the business process model is mapped tm Figure[4, the concerns of theavel bookershould
a component in the configuration, and it is configured tobe shared between separate components in a composite,
interact with its partners through inter-component depentather that being hold by a monolithic implementation.
dencies, calledvires To interact with service providers Each component contained in thavel bookercompos-
or consumers, the component exposesvices and con- ite might depend on a single external business service
sumes provided services by means references The  provider or consumer. The references and services of the
interaction interfaces are attached to the referenceshend tcomposed components are promoted externally through
services. Each component contains ifmplementatiorof ~ the composite boundary and wired toistomey airline
the business logic specified by the mapped participant'so.car rental co.payments ccexternal components. How-
orchestration process. For example, according to a speever, partitioning the roles of the business process tasks
ification [13] of the Open SOA collaboration, thevel into different components implies resolving a problematic
bookercomponent can be implemented by a Web Servicesnapping of their process flow dependencies into equiv-
Business Process Execution Language definition that maggent inter-component dependencies. For example,lin [3]
with the orchestration process of Figlird IV. Also, depend-the authors argue that the control flow betweerRleeeive
ing on the SCA runtime, an executable BPMN processBooking Requestask and theCheck Credit Cardtask
model can be attached to the component. The varietpf Figure maps to a dependency between Buoking
of the languages used to the component implementationBrocessorand theCredit Card Checkercomponents of
is related to the known variety of the implementationsFigurel4. Evidently, such a straight mapping of a inter-task
for the SCA specifications and available tools. Obviously,flow into a dependency between components is a nonsense.
depending on the IT developers choices, the component’s Furthermore, to correctly map a BPMN model to a
function can be hard coded, or can be enacted witltomponent configuration model based on the SCA, it is
an executable business process language. It has to In@cessary to differentiate the business process corstruct
noticed that we do not make any recommendation on théhat are used to expose business services, from those used
use of any implementation technology. For more detailedfor the service consumption. This is crucial to decide on
explanations on the SCA, refer to Sectoh V. the services and references of the components to soundly
This simplistic mapping is viable, but it has two major construct the assebly architecture. Of course, by intro-
drawbacks. First, it restricts developers to a specifickstacspecting the business processes, it is possible to find the
of technology standards. Second, it implies to fit alreadytasks which capture the service interaction points. Those
self-describing and deployable business process defisitio points represent the service interfaces that are provided
into other SCA constructs to be used as deployment artiand/or required by the processes. However, a mapping of
facts. Hence, this mapping implies an important couplinginter-task flows (i.e., with a priori single execution coxt)e
between the BPMN and its implementation layer. Forinto inter-component dependenciesi[14] (i.e., with a pos-
example, it is necessary to revise both the executableeriori potentially different execution contexts) is teds,
processes and the SCA definitions, just to make a mieontext-dependent and pointless. In contrast, mapping the
nor change on service access mechanisms. Moreover, toter-process/ [15] dependencies to inter-component links
take advantage of the flexibility with the SOA and theis a more obvious method. The BPMN inter-process
prescriptiveness with the BPM, we must fill the gap of dependency means the topology of the message exchanges
the weakness in the BPMN for capturing the architecturabetween the business services, and binds their business
aspects of a SOA that supports the business process mogrocess logic. The SCA inter-component dependency cap-
els. The BPMN neither specify the roles (e.g., consumetured by wires (i.e., with appropriate multiplicities) nmsa
or provider) that participants are expected to play in aa structural association between component instances, and
business collaboration, nor foreshadow the architectfire can invocation channel for the message exchanges. The
the supporting service implementation infrastructure. precise meaning given to a wire is defined by the wired
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component function. Generally, it is related to a definition Emmreess

of state-related interface instantiations|[16]. =
The inter-component interactions are similar to the (thméh;cker
inter-process invocations (i.e. with appropriate muiipl w )/l SO

ties). Consequently, the message exchanges between pl
cesses can map to the wires between components. Hoy [
ever, to obtain a sound and canonical service componel ==t
configuration from a high-level business process mod;
eling language, we need to introduce a technique tha
emphasizes the separation of concerns between the BPM. .
design space and the SCA assembly space. This technique

is intended for avoiding the straight mapping of inter-

task dependencies to inter-component wires, which W&yally,

f:all service orchestration partitioninglt transf_orms the component will implement the business concerns of the
inter-task control flow of a single orchestration process,rocess to which it maps. As long as each process interact
with different roles, into message flows between separatef;i, 5 single external participant, the mapped component
processes, with singular roles. Also, this partitioninghte || also interact with the correspondent external service

nigque de_co_mposes f_unct|onally_monol|th|c business Pro- Based on a process flow analysis, the partitioning

cess logic into functionally equivalent deCOUPIed.mg'C?'method takes a service orchestration, and produces an
It ensures a more manageable component configuratiogy ivalent set of orchestration that aggregate tasks in-

architecture when the business process model is mapped {Qracting with separate external business service provide
the component configuration model. For lack of space, Weyr consumer. It derives peer-to-peer interactions among

focus on the control flow dependencies, and intentionally, ocess partitions from a service orchestration process
put the mapping of BPMN information models out of the yih the BPMN. We consider that the business process

scope of this article. models that have to be mapped are valid and sound. For
this purpose, we adapt an algorithm presentedlin [17]
that was originally proposed for the decentralization of
Generally, specifying a separation of the business proabstract service composition models. The resulting psoces
cess concerns in a BPMN service orchestration process fgartitions interact with each other using asynchronous
limited to modeling sub-roles with separated concerns, anehessaging, and without requiring any central orchestrator
no detail on service realization. Mapping those businesprocess. For example, Figuré 5 shows a simplified parti-
process models to the supporting system architecture isoning result of thetravel bookerprocess of Figuré&Iv.
a challenge to grasp and elaborate. Certainly, mappingach obtained process represent an autonomic business
the business-level roles into separated component cagicerrole. It interacts with a unique external business service
can be resolved manually. However, such an intuitive(i.e., relative to thetravel booker participant) through
transformation can produce evident design decision lpssethe send, receive and service initially modeled tasks. The
and a misalignment of business process models witltombined behavior of those partitions provides the same
their further implementations. To produce a componengxecution behavior as in the input service orchestration,
configuration that sustain this pillar motivation of the but without any orchestrator process.
SOA, we introduce a practical technique to partition the Formally, a service network, denotel, contains a
business process models. This technique transforms e@ollection of services, denotef; € S. Let's consider
BPMN process task flow into a set of independent flowsthat one of those services, denot&d < S, is an
that are related to each others with message exchangesorchestrating service which contains a BPMN process
In order, to ensure a more manageable architecturelefinition, denoted0s,. Os, defines a set of tasksl
we have to decompose a complex system into smalleproviding or invoking operations on the interfaces of the
decoupled components with separate concerns. The dether servicess\ S,. The subset of tasks that refers to the
composition provides a better view on the dependenciesame servics; € S\ S, is denotedAs,. By applying the
between the component inside the system and their relalgorithm to Os,, we obtain a new BPMN collaboration
tionships with the outside of the system. Also, it makes thebetween a set of BPMN process definition partitions
overall component configuration more robust and flexible{Os,,0s,, ..., Os, }, whereS; € S\ S,. Each partition
to business process or IT changes. In Sedfidn 1V, we hav®s, C Ogs, includes only a subset of the tasks;, C A
mentioned that a single BPMN process potentially mapghat invoke operations on (resp., or provide for) a same
to a component, and that the inter-process dependencissrvice provider (resp., or consume¥) Those partitions
map to component wires. To separate component concermepresent proxy orchestration entities that are related to
according to their interactions with external componentsgach external service. They are fine-grained internal ser-
we have to differentiate the business process flow partsices composing the initial servicg,. Therefore, the par-
that interact with external participants. Those procesg flo titioning introduces a view of the service registry that was
parts have to be partitioned into separate processes. Evenet visible in the initial BPMN service composition model.
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Figure 5. A partitioned orchestration process.

they can be mapped into separate components. Each

A. The Service Orchestration Partitioning



In order to generate the component configuration model,
the initial participant is mapped to a high-level compo- | *™ e
nent. The obtained sub-participants map to distinct sub-
components that are attached to the high-level componen
(e.g., Figurd¥). They contain independent service con-
tracts, dependencies and access mechanisms with separe ’ec—g‘
service providers and/or consumers. Finally, in order to R
compose the component, the initial service interactioBs ar  rigyre 6. A mapping sample from the BPMN to the SCA.
mapped to wires between the high-level components. The

generated message exchanges between the sub-participagiiger components in units of deployment, and contributes
are mapped to lower-level inter-component wires. In the i, its composed business logic to a domain. When a
following, we use the result of this partitioning to generat omposite represents a root-level construct that contains
a PSM representing a canonical component configuratiog) the composites deployed to the domain, then it is
described with the SCA. This component configurationgqnsidered as domain compositeTo provide a recursive
architecture is intended for representing the high-levelncjysion of capabilities, a domain composite can include
structures of the system architecture. The configurationyiner composites [16], callethcluded compositesThe
architecture can be refined by the system architect, anflp\N conversationand collaboration concepts express
the component implementation can be detailed. the logical relation of message exchanges between par-

V. FROM PROCESSES TQCOMPONENTS ticipants involved in a service network. Aarticipant
Defining a formal conceptual mapping between thef€Presents a role in a collaboration. It executes a private
BPMN and the SCA is an essential step toward a MDDbusiness process to produce an excepted business function.

approach. In this section, we present a subset of Concep'tl'yese_c_onceptual similarities with the .Sé:A 'm%“e;’ that
from the PIM metamodel perspective and show how thosé& part|C|[_)a_nt maps to a component (i.&3), an that

concepts can be defined in similar PSM constructs. Th&S containing co_llaboratlon and/or conversation map to
rule specification consists in a mapping from any mode(COMPOsites hold_mg the component. .TO form a coherent
built using types specified in the BPMN to models ex- component configuration, a collaboration must be mapped

pressed using types from the SCA. We emphasize on hof & domain composite (i.eR1), and a conversation

the service-oriented systems specified at a technology- apped to an included composite (1.82). For example,
4 P g);l?igures[ﬁ and]7 show how the rules from the Table

neutral view can be (automatically) transformed into . i ; .
PSM level. Due to lack of space, Taljle | presents a no?p-] are applied to the trgvel booking SamP'e depicted in
exhaustive classification of the mapping rules betweerf |gure{1-TheiraveI booking networ_lcomposue represents
a subset of the BPMN and the SCA metaclasses. Thi%?e architecture of the collaboration. The SCA allows a
ierarchical construction of component where high-level

classification is based on a model type mappling [4]. An imol db . L
explanation on the rules and their implementation in components are implemented by composites containing
ower-level components.

proof-of-concept prototype is given in the following. ; i
For a service orchestration owned by a BPMN par-

Payements Co.

Table | ticipant, our partitioning method produces a new sub-
MAPPING RULES BETWEEN THEBPMN AND THE SCA. collaboration between a set of process partitions owned
Name BPMN Metaclass SCA Metaclasses by sub-_participants. Each rgs_ulting participant f:ontz'a:'m:_s _
R1 Collaboration Domain Composite own private process, and it is matched up with the ini-
R2 Conversation Included Composite tial participant through a BPMNbarticipant association
R3 Participant Component Moreover, to reproduce equivalent control flow semantics
R4 Participant Associationl Composite Implementation ! p _q. . . .
R5 Process implementation to those captured by the initial orchestration, the obthine
R6 Service Task Reference and/or Callback process partitions are supposed to have supplementary
R7 Send Task Reference and/or Callback synchronization mechanisms. Those sub-processes girectl
R8 Receive Task Service and/or Callback . . . .
RO Communication Wire mFeract \.N.Ith each other using a_synchronou.s. messaging
R10 Interface Interface or Callback Interface with additional message flows. Since a participant maps

to a component, then the obtained sub-collaboration maps

A SCA assembly model consists of a series of com-to an implementing composite. Recursively, each obtained
posites defining the configuration of a SCA domain.participant is mapped to a component which is placed
Configuring a SCA domain is a pure deployment concernwithin the implementing composite. For example, Figdre 7
However, we consider a SCA domain from a conceptuakhows the mapping of participants resulting fromtiavel
view, as an area of business capabilities that are corbookerprocess partitioning. Each associated participant is
trolled by a particular organization, and contribute with mapped to components with the rUR8 The participant
those capabilities to a service network. Each capabilityassociation is mapped to an implementation of tila@el
is modularized in a&omponenthat represents configured booker component with the ruleR4 The collaboration
instances for providing or consuming basic business funcebtained after the partitioning is maps to thevel booker
tions. In turn, acompositeis used to logically assemble composite which is attached to the implementation of the
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Figure 8. BPMN to SCA transformation process overview.
————————————————————— in Figure[®, depending on how theavel bookerprocess
tasks interact with the external services (i.e., relativthe
Figure 7. A mapping of BPMN conversation sample to SCA. participant), they map to services, references, and/ér cal

backs defined for the composite implementing trevel
travel bookercomponent. The SCA allows a broad rangeqgker component. Also, to be correctly resolved, the

of technologies to be used as component implementationgyermal contracts defined for component services or ref-
and different component configurations can coexist in theyrences (j.e., contained in a composite) must be promoted
same composite. Tharocesf each sub-participant maps y services and references defined for the composite. The
to a specific componennplementatior(i.e., RS). synchronization tasks added by the service orchestration
The BPMN communication concept correspond to bothya titioning are similarly mapped by the previous rules.
serviceand referencein the SCA. Probably, the BPMN g4 example, the tasks defining the message flows between
communications can capture basic aspects of the ServiGge process partitions of Figufé 5 map to the constructs
contracts. However, they are not differentiated based ORefining the interaction between the component interfaces
the business service usage direction. In the SCA, a servicgntained in thetravel booker composite of Figurdl7.
is different from a reference. Each of them characterizegyp,iously, the component configuration architecture de-
the direction of the first exchanged message between tWecriped with the wires is structurally aligned with the inte
components. The sender of the first message is Cons'der%ﬁjocess relations defined by the BPMmmunication

to be a (_:Iient thz_it invokes operations on_tlmerface Figures® an@7 show how communications map to wires
of a service provider component. If there is a responsg; e R9 between the components.

message going back to the client, the service provider Finally

use thecallback interfaceof the sender component. In yoqent ‘configuration models from the business process
this case, aallbackis used to provide the asynchronous p,,qe|s \ve use the ATLAS Transformation Language [18]
messaging. When a component plays 90”‘ consumer aNthain as depicted in Figufé 8. This proof-of-concef)t pro-
provider roles, callbacks are defined for its services and/ototype involves metamodels transformations. The BPMN
references. Therefore, in order to correctly compose the 4 the SCA metamodels are created using the core
components, it is.necessary to dete.rmine Whif:h Process jinse Modeling Framework (Ecoré [19]). The BPMN
task sends the first message. A simple static analysigiagrams and the SCA definitions metamodels are speci-
of the process _ﬂOW IS considered to dlstl_ngmsh_ taskieq in terms of the extensible Markup Language schema
by outgoing or incoming message interactions with thedefinition (XML). Rather than using intermediate model

external part|C|pants._ L facilities, we advocate a direct transformation process
After the orchestration partitioning (i.e., Section 1V;A) (ie., based on XML Schemas) that starts off from a

each process in the collaboration has dedicated interactiogppin XML Metadata Interchange (XMI) file containing
interfaces with the other pz_irticipants. The fi@rvice a business service composition model (e.g., Figlrds IV
tasl§ maps to a reference (i.eR6). A|§0, when it has and1). The orchestrations contained in the previous model
defined Incoming messages, then it IS also mapped 10 gg partitioned into a set of sub-orchestrations. They form
callback. Accordlngly, a firssend taskis mappt_ad toa 5 second BPMN model (e.g., Figufé 5). Subsequently,
reference and a firseceive taskmaps to a service (i-., s model is transformed into a SCA assembly model
R8). Obviously, the process flow specifications can containgntained inXML files The resulting component con-

a range of other send tasks (resp., receive tasks) after ”?fguration and composite structures (e.g., Figufes 6 and
first receive task (resp., a first service task) to interacm) describe the system architecture. Eventually, reaizin
W'_th the same external participant (e_.g., Flg@e 6). INsome change in a specific single business service contract
this case, a send task (resp., a receive task) is mappgfli,qs into play only a part of the component configuration
to a callback (i.e.R7) and it is associated with the firSt g cpitecture. Also, it becomes possible only when looking
mapped reference (resp., service). The BPMN operationg; ihe component configuration architecture to localize the

used by the tasks _(i.e., contained in BEMmerf_ace$ concerned parts to be changed, without spying on the
map to SCA operations. They are associated with a Sc%omponent implementations.

interfaceand/or acallback interfacedepending messaging

style. Unfortunately, the BPMN 2.0 specification does
not define sufficient semantics for operation calling styles
between participant’s interfaces, when the SCA makes the In this article, we have presented a model-driven devel-
differentiation between operation call semantics. As show opment methodology for inter-organizational systems that

to automate the generation of deployable com-

VI. SUMMARY AND OUTLOOK



are based on a SOA. The approach advocates a servicgz]
oriented IT infrastructure provision from a business pro-
cess specification while tackling with their architectural
alignment issues. The method relies on development sce-
narios where long-running business process model speci{3]
fications based on a SOA drive component configurations
for runtime platforms based on distributed architectures.
When designing PIMs with the BPMN, business analysts [4]
focus on the business logic without being bothered by any
implementation-specific configuration information.

The introduced mapping rules and their implementation (g
in a proof-of-concept prototype enable the automatic trans
formation of BPMN models to SCA assembly models rep-
resenting deployable component configurations. The map- ]
ping does not require neither further manual architectural
adjustment on the generated component configuration, nof7]
intermediate models. Thus, less design decisions are lost
during the model transformation process. The presentedfg]
method of BPMN orchestration partitioning provides to
system architects a “what you model is what you get”
design manner for the MDD. Once partitioning takes 9
place, each orchestration specification depends on a singlé
service provider or consumer. This principle provides a
strict indication on the final PSM output that consists
of a SCA assembly model. It adds a clear architecturaho]
view about how fine grained services are composed, that
the BPMN fails to capture. Finally, when component
configuration models are generated, they are aligned at
the best with the business-level logic. The reuse of some
existing services as well as creating new services to bf»il]
reused in other parts of a global SOA solution become
more evident for IT developers.

From an IT perspective, the obtained component conpy o]
figurations can be instantiated for a SCA runtime environ-
ment and benefit from the SCA framework for deploy-
ment, execution and monitoring. The decomposition in(13]
smaller decoupled components ensures a more manage-
able architecture. It also provides a better view on theg14]
dependencies between the component inside the system
and their relationships outside of the system, making the
overall environment more robust to business process 05|
implementation changes.

At the actual stage of our work, we are not tackling with
the expression of non-functional requirements. However,
it is an important aspect of service orchestration and has
an impact service implementation. In our future work, we[16]
want to integrate the SOA Modeling Language profile into
our MDD approach to accommodate the BPMN concep-
tual limits. Also, we want to improve our methodology to [17]
reach an effective business-IT agility and a round-trigpin
between the component configuration and the business
process spaces.

(18]

REFERENCES
[1] M. P. Papazoglou, P. Traverso, S. Dustdar, and F. Leymann/19]

“Service-oriented computing: State of the art and research
challenges,"Computer vol. 40, no. 11, pp. 38-45, 2007.

C. Huemer, P. Liegl, R. Schuster, H. Werthner, and
M. Zapletal, “Inter-organizational systems: From busies
values over business processes to deploymenBE8T'08
2008, pp. 294 —299.

A. Mos, A. Boulze, S. Quaireau, and C. Meynier, “Multi-
layer perspectives and spaces in soa,SISOA '08 New
York, USA, 2008, pp. 69-74.

T. Stahl and M. Volter,Model-Driven Software Develop-
ment: Technology, Engineering, Managemer@€hichester,
UK: Wiley, 2006.

Business Process Model and Notation (BPMN) 2.0, Beta 1
OMG, May 2009.

SCA Assembly Model Specification,J0ben SOA Collab-
oration, Mar 2009.

Reference Model for SOA 1.0, Committee Specification
OASIS, Feb 2006.

R. Gitzel, Model-driven Software Development Using a
Metamodel-based Extension Mechanism for UmPeter
Lang Publishing, 2006.

D. Lopes, S. Hammoudi, J. Bézivin, and F. Jouault, “Gene
ating transformation definition from mapping specification
Application to web service platform,” iI€AISE '05 2005,
pp. 309-325.

R. Ravichandar, N. C. Narendra, K. Ponnalagu, and
D. Gangopadhyay, “Morpheus: Semantics-based incremen-
tal change propagation in soa-based solutionsS@C '08
Washington, DC, USA: IEEE Computer Society, 2008, pp.
193-201.

M. Rosen, B. Lublinsky, K. T. Smith, and M. J. Balcer,
Applied SOA: Service-Oriented Architecture and Design
Strategies Wiley P., 2008.

S. A. White, Using BPMN to Model a BPEL Process
BPTrends, May 2005.

SCA WS-BPEL Client and Implementation, Opben SOA
Collaboration, Mar 2009.

J. A. Stafford and A. L. Wolf, “Architecture-level depe
dence analysis in support of software maintenance,” in
ISAW '98 New York, NY, USA: ACM, 1998, pp. 129-132.

G. Grossmann, M. Schrefl, and M. Stumptner, “Modelling
inter-process dependencies with high-level businessepsoc
modelling languages,” inAPCCM '08 Darlinghurst,
Australia, Australia: Australian Computer Society, Inc.,
2008, pp. 89-102.

J. Marino and M. RowleyUnderstanding SCA (Service
Component Architecture) Addison-Wesley Professional,
20009.

W. Fdhila, U. Yildiz, and C. Godart, “A flexible approach
for automatic process decentralization using dependency
tables,” in ICWS '09  Washington, DC, USA: IEEE
Computer Society, 2009, pp. 847-855.

F. Jouault, F. Allilaire, J. Bézivin, and |. Kurtev, tA A
model transformation tool Sci. Comput. Programvol. 72,
no. 1-2, pp. 31-39, 2008.

D. Steinberg, F. Budinsky, M. Paternostro, and E. Merks
EMF: Eclipse Modeling Framework 2.0 Addison-Wesley
Professional, 2009.



	Introduction
	Background and Related Research
	From a Platform Independent Model
	Mapping of the Business Process Models
	The Service Orchestration Partitioning

	From Processes to Components
	Summary and Outlook
	References

