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Abstract: The current state-of-the-art in developing sofewapplications is to
design the systems based on visual design tooldakedthe resulting design
artifact as a base to manually code the softwapicgtion. The process of
transferring the (business) requirements to exbtaitaode involves several
different parties which makes the whole processnagery error prone. In this
paper, we present a model-driven approach to omecthe gap between
business requirements on the one side and multimystems on the other, as
we consider the use of agents for implementatiorefi@al in contrast to more
traditional approaches like tM¢¥S-BPEL engine

1 Introduction

Service-oriented architectures (SOAs) have ememgeda direct consequence of
specific business and technology drivers that hmaaterialized over the past decade.
From the business side, major trends such as ttsewging of non-core operations
and the importance of business process re-engimedrave been key influences
driving the surfacing of SOA as an important amttitiral approach to business
information technology (IT) today. From the SOAsi@dequate mechanisms need to
be explored to combine business requirements andnberlying execution engines.
Therefore, often the principles of model-driven elepment (MDD) [3] and
metamodeling are applied.

The aim of this paper is to present a model-drigeshitecture for managing and
implementing interoperable business processesghr8MAs and multiagent systems
(MASs). We aim at filling the gab between businespiirements made on a strategic
level and the execution models on the implementdgweel. Though, it is possible to



execute business models with traditional means, eagnmunicating workflow
engines for E-business protocols like RoseetaNbg tise of MASs for
implementation seems to offer various advantages.

The model-driven approach to close the gap betviesiness requirements and
executable agent systems has been developed BHA®E (Semantically-enabled
Heterogeneous Servickrchitecture andPlatforms Engineering, http://www.shape-
project.eu/) project. SHAPE provides an integratiedelopment environment that
brings together MDD with the SOA paradigm and inégs other technologies like
MAS, Semantic Web, Grid, and P2P. The technologyeltped in the project are
centered around SoaML [8], a metamodel for desugilsiervice-oriented landscapes
that is standardized in the Object Management G(@WNG), which is extended with
metamodels for the other technology platforms addaaced service engineering
techniques

As a consequence of the development in the aretheofservice modeling the
Model Driven Architecture (MDA) increases the leval abstraction of this and
related concepts to a new state. MDA'’s goal isféiséer system development through
the model transformations from one level into aeotifhese models are classified by
the MDA concept into three levels of abstractioramely the Computation
Independent Model (CIM) level, the Platform Indegent Model (PIM) level and the
Platform Specific Model (PSM) level ([4], [5]).

As the most of the existing MDA-approaches [6] ®@n PIM- and PSM-level
and the model-to-model transformation between théva, more conceptual CIM-
level is often as assumed to be present and isnwestigated further. Hence, a real
life software system development project comes pooblem during development in
the starting phases where the conceptual modelinth@® CIM level and even more
unstructured verbal or media information about dpelication’s domain is in play.
As there is an existing standard for modeling sewion the PIM level — SoaML —
that is connected to the agent modeling on the RSMI, we introduce the link
between the CIM level modeling with the aid of Cll¥ and services modeling on
the PIM level with SoaML through conceptual mappintgs for the model-to-model
transformation. CIMFlex combines the expressiverdd3usiness Process Modeling
Notation (BPMN) and the ARIS notation.

The remainder of this paper is structured as fatow Section 2, the model-driven
service engineering approach is presented usedriapproach. Afterwards, Section
3 illustrates the main concepts of the Service«@ed Architecture Modeling
Language (SoaML), followed by Section 4 detailifge tmappings between the
business level and SoaML. Section 5 then presdmsagent-modeling approach
called PIM4Agents and defines the mappings betw&eaML and PIM4Agents.
Section 6 represents related work, followed by iBact naming future extensions.
Section 8 then concludes this paper.

! SHAPE is a European Research Project under theFramework Program, detailed
information can be found at http://www.shape-pcopu/



2 Model-Driven Service Engineering

A central part of the SHAPE technology is modehs&farmations that define the
basis for (semi-)automated transformation amongersévmodel types, and in

particular enable the MDE-based approach for imttegr top-down modelling from
the CIM level to the PSM level.
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Figure 1: SHAPE Model Transformation Architecture

The model transformation architecture (cf. Figuy@flSHAPE illustrates the core
language used within the project, their relatiopgbithe abstraction levels CIM, PIM
and PSM as well as their relationship to other lemugs defines through model
transformations, either model-to-model or modetetei:

On the highest level, business models encompasmésss rules, processes,
services and other issues such as contracts imgplhiimans and organizations to
achieve business goals. These conform to the mel@nd CIMFlex, which supports
the user to create and refine a semi-formal modek dbusiness process, an
organisational structure, a data structure or lssimules based on the input coming
from the domain users. The editor is able to cregtiange and store these types of
models in EPC or BPMN notation.

The middle layer contains the results of the prapas transformation engines,
extended SOA models, the standardized SoaML anensxins for semantically-
enabled heterogeneous architectures (ShaML). Teiistaecture allows the realization
of one of the main goals of SHAPE namely to proéd&ansformation engine that



maps business models to SOA models which are ttarsferred to the various
execution platforms.

The model transformation architecture will in peutar support the following
model transformations:

CIM to PIM transfor mation

* Model transformation between CIMFlex and SoaML: Ttiallenge in
transforming CIMFlex models to SoaML is to gener#te appropriate
system relevant constructs for SoaML accordinght® generic business
context on CIM level. CIMFlex supports in its imitiversion the model-to-
model transformation by making use of the AtlasnEfarmation Language

(ATL) [9].

PIM to PIM transformation

* Model transformation between SoaML and Web Servicdhe
transformation between SoaML and Web Services iedbrough a model-
to-model transformation. The transformation willoguce three kind of
models form a single SoaML models. It will produ¥®L Schemas for
information description, WSDL files for interfaceegtription and finally
BPEL files for behavioural specification.

* Model transformation between SoaML and PIM4AgeTtse transformation
between SoaML and PIM4Agents is done through a irod@odel
transformation using ATL.

PIM to PSM transfor mation

* Model transformations between PIM4Agents and théamedel of JACK
[12] and JADE [13], which are both agent executtatforms. The model
transformations between the PIM4Agents metamodgltla@ metamodels of
JACK/JADE (JackMM/JadeMM) are specified through ad®l-to-model
transformation using ATL.

* Model transformation between SoaML and WSMO: The deho
transformation between the metamodel of SoaML ar®M® is specified
through a model-to-text transformation.

In the remainder of this paper, we focus on the ehtrdnsformation path from
CIMFlex to SoaML and from SoaML to PIM4Agents.



3 Service-Oriented Architecture Modeling L anguage

The Service-Oriented Architecture Modeling Languag8oaML) [8] is
standardized in OMG. It describes a UML profile ameétamodel for designing
services.

The goals of SoaML are to support the activitieservice modelling and design
and to fit into an overall model-driven developmeapiproach. The SoaML profile
supports the range of modelling requirements fawise-oriented architectures,
including the specification of systems of servicd® specification of individual
service interfaces, and the specification of serigplementations.
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Figure 2: The SoaML profile

The SoaML profile (see Figure 2) extends the UML&tamodel to support an
explicit service modelling in distributed environntge. This extension aims to support
different service modelling scenarios such as simnggrvice description, service-
oriented architecture modelling, or service cont@efinition. The main extension
areas are;:

» Participants to define the service providers and consumers sgséem. A
Participant may play the role of service providemsumer or both. When a
participant acts as a provider it contains Senddef8, and when a
participant acts as a consumer it contains Reqagst?

e Service interfaces to describe the operation provided and required to
complete the functionality of a service. A Servidetface can be used as the
protocol for a ServicePoint or a RequestPoint.



e Service contracts to describe interaction patterns between servitities.
A ServicesContract is used to model an agreememiele@ two or more
parties. Each service role in a ServiceContracteh&ervicelnterface type
that usually represents a provider or consumer.

* Service data to describe service messages and message attashriiba
MessageType is used to specify the information amghd between
services, attached to rather than contained imthesage.

» Services and participant architectures to define how a set of participants
works together for some purpose by providing anthgusservices. A
ServicesArchitecture or a ParticipantArchitectuesatibes how participants
work together by providing and using services esped as
ServiceContracts.

4 From CIMFlex to SoaM L

In this section we provide some aspects of the QilM-level service modeling with
the aid of the BPMN. This notation is well-known darstablished since the
beginning of the 21 century, moreover it has been standardized arre e more
than 50 products, both commercial and open-soproejding the implementation of
this standard [11]. The particular consideratiofith wespect to modelling services by
the business users are that there is a little axeaseof the services by CIM-level
users, on the one hand, and even if there woulahlgeknowledge about it, there are
no direct constructs describing the services onGtiM-level in the BPMN notation
anyway. Of course, the upcoming BPMN 2.0 standactudes the services modeling
and the according constructs for it, but it onlyesuout the second, more technical
problem, and not the first one — understanding.

For solving this problem, we propose a semi-auteth@pproach in this section
based on a model-to-model transformation from Céviel BPMN models to PIM-
level SoaML-based models. Those models on the higbstraction level in BPMN
would be analyzed through a set of mapping rulesvesuld result in a service model
representing according constructs and architectoeesled for the comprehensive
PIM-level model as a basis for the further transfation to the PSM-level. The
concrete mappings are as follows:

Task to Servicelnterface — as a task describes an activity that is posgibdyiding a
useful output that could be consumed by the paditis of the process, it can be then
assigned to Service Interface construct in this pitap as it gives the abstract
interface for the job done and at the same timesnlbgive further specification of
the workflow implementing this task.

Table 1 Task to Servicelnterface

BPMN Symbol SoaML Description Symbol
Description




Task Servicelnterface i ©

xy

Pool to Participant / ServicesArchitecture — a pool in BPMN stands for a business
entity or a participant of a process, on the onedhdt also can be structured with
respect to further participants of the processs ttneating a participants’ hierarchy.
These two points together put the pool on a rola cindidate for a Participant or
Service Architecture, depending on the modellatterition.

Table 2 Pool to Participant / Service Architecture

BPMN Symbol SoaML Description Symbol
Description
Pool Participant e
P Architecture
i (Service
Architecture)

Lane to Participant — a lane represents a participant or a departmeBPMN and is
situated in a pool, thus showing the two-tier hieng. In order to show the
possibility for further subdivision (which is alsangoing in the current BPMN2
proposals), the lane is first mapped to a Partitipad next tiers of this hierarchy are
constructed using the role constructs describealbel

Table 3 Lane to Participant / Service Architecture

BPMN Symbol SoaML Description Symbol
Description
Lane Participant e
pl ! Architecture
- (Service ez
Architecture)

Lanes to ServiceContract — this transformation also reflects the serviceti@rt from
the CIM level model into the SoaML and later intéMPfor agent interaction
specification. There is also a task sequence coethdry a sequence flow, but the
participants are represented through differentdainethe same pool, thus showing
another possibility for a participant architectanedelling. The two tasks that belong
to a service contract also share a data object.

Table 4 Lanes to ServiceContract

| BPMN

| Symbol | SoaML Description | Symbol
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5From SoaML to MAS

In this section, a rough overview on the platformdapendent metamodel for MASs
(PIM4Agents) is given. Afterwards, the model tramsfations between SoaML and
PIM4Agent are discussed.

5,1 Platfor m-Independent M etamodel for M ultiagent Systems

For modelling MAS and in particular the protocodatme common data model, we
developed a platform independent modeling languftge MAS called domain-
specific language for multiagent systems. The abstsyntax of this language is
defined by a platform independent metamodel for MAled PIM4Agents

The PIM4Agents metamodel [14] that defines theralbssyntax of the modelling
language for MASs is a visual platform-independantel that specifies MASs in a
technology independent manner. It represents agriated view on agents in which
different components can be deployed on differerécation platforms. The
PIM4Agents metamodel defines modelling concepts$ tiam be used to model six
different aspects or views of an agent systematatisted below:

« Agent view describes single autonomous entities, the capabilihey have
to solve tasks and the roles they play within th&SVIAn Agent has access
to a set of Resources from its surrounding EnvirentmThese Resources
may include information or ontologies the Agent hasess to. Furthermore,
the Agent can perform particular DomainRoles theftrg in which specific
context the Agent is acting and Behaviours thaingefiow particular tasks
are achieved.

e Organization view describes how autonomous entities cooperate wiki@n
MAS and how complex organizational structures can defined. The
Organization is a special kind of Agent and canrdfme perform
DomainRoles and have Capabilities which can be opedd by its
members. In addition to the Agent properties, aga@ization may have its
own internal Protocols specifying (i) how the Orgation communicates
with other Agents be them atomic Agents or comieganizations and (ii)
how organizational members are coordinated.

« Role view covers feasible specializations of the Role conc@y.
DomainRoles used to partition the organizationalcspand Actors used to



define the message exchange within Protocols) aw they could be
related to each other.

* Interaction view describes how the interaction between autonomotitiesn
or organizations takes place. Each interaction ipation includes the
Actors involved and in which order ACLMessages @xehanged between
these Actors in a protocol-like manner.

» Behavioural view describes how Plans are composed by complex control
structures and simple atomic tasks like sendingeoeiving a Message and
how information flows between those constructs. KnPspecifies the
agents’ internal processes.

e Environment view contains any kind of Resource (i.e. Service, Objezt
is dynamically created, shared, or used by the fgen

» Deployment view describes the run-time Agentinstances that arelvado
in the system and how these are assigned to tlamiaggion's roles.

To close the gap between design and implementatienprovide generic model
transformations from PIM4Agentsn the platform independent level to two
underlying execution platforms (i.e. JACK or JADE the platform specific level).

5.2 Model Transformations: From SoaML to PIM4Agents

ServicesArchitecture to Organization: The concept of a ServicesArchitecture nicely
corresponds to the concept of an Organization Plyyetis as both refer to roles that
interact in accordance to some predefined procestmsever, and this is the main
differences between both constructs, a Servicestdathre does not perform any
role to the outside. Hence, the generated Organizéad more or less utilizes as a
social structure providing the space for interactiblence, the Organization does
neither own any Plans nor perform any DomainRolth&ooutside and hence should
not be considered as an autonomous entity in theSM3ut rather as a form of
grouping the necessary autonomous entities tollfulie service. Likewise, the
resulting Organization does not own any kind ofwisalge, capability, or resource.

ParticipantArchitecture to Organization: A ParticipantArchitecture illustrates, in

contrast to a ServicesArchitecture, a concreteéyeintithe system described. Thus, the
target Organization may perform a DomainRole whisheither required inside

ServicesArchitectures/ServiceContracts or even fimero ParticipantArchitectures.

Moreover, the Organization may own certain knowkegdnich is used by the source
ParticipantArchitecture.

ServiceContract to Interaction: The main purpose of a ServiceContract is to @efin
the roles that agreed on the contract and how timseact with each other which is
expressed through any kind of UML behavior. Hender representing a
ServiceContract in PIM4Agents, the right choicarslnteraction, which defines how
the exchange of messages between Actors is spkcifie



Servicel nterface to Collaboration: A Servicelnterface defines a bi-directional seevi
which includes the two roles provider and requesterwell as the choreography
which specifies the global interaction. In PIM4Aggnthe concept of Collaboration is
the best match, as it binds Agentinstances todim@inRoles of the Organization and
(ii) Actors of the Interaction.

Participant to Agentinstance: In the same manner as ParticipantArchitetures are
transformed to Agents, a Participant is mappedntégentinstance. The agent type
of the Agentinstance is deduced from the Partiddvaritecture that specifies the
Participant.

UML Behavior to Plan: Any kind of UML Behavior is transformed to a Plam
PIM4Agents. This Plan then specifies the intermatpsses of the Organization.

Interface to Capability: A UML Interface defines a collection of operatsooand/or
attributes that ideally define a set of processmsorder to represent this in an
adequate manner in PIM4Agents, the concept of aakiliy depicts the perfect
match, as both, operations as well as attributedeadncluded into one of its Plans.

6 Related Work

Only few works exist aiming to bridge the gap betwdusiness-oriented approaches
and MASs. Taveter [15] presented an agent-basetbagp for business modeling
where Agent-Object Relationship Modeling Languag®©RML) [16] is used as
underlying agent modeling language. However, ndgmabent languages are not the
preferred paradigm of business analysts when itesoto designing the particular
business requirements. Particular tailored langsiage normally used for this
purpose. Consequently, Endert et al. [17] preseat@ensformation between BPMN
and JIAC IV (Java-based Intelligent Agent Componeame) [18] to bridge the gap
between business process languages on the oneahdrafent-based systems on the
other hand. However, beside the fact that onlynglsiplatform is involved in their
model transformation architecture, the even momblpmatic issue is that in most
cases the gap between business languages like BidMgent platform cannot be
automatically bridged. An intermediate level likeefided by SOAs is often
considered as more beneficial.

7 FutureWork

The future work on connecting the high-level seevimodeling with the systems
based on services comprises the alignment of tireuBPMN to SoaML mapping

with the upcoming new version of the BPMN. As thehsuld be service constructs
directly in the BPMN CIM-level methodology, it walibe much easier to put this



high-level notation with more technical descriptioiha system on a PIM-level with
the aid of SoaML in one line together in order tegare it for the transformation to
the PSM-level eventually resulting in an initiabgnof the working system’s code.

Another point of the future work concerning the tilgvel service modeling will
be the study of the acceptance and evaluationeotdimprehensiveness grade of the
new version of the upcoming BPMN standard. Thathis,question arises how much
of the information can be put on the CIM-level thist through different
transformations “pushed down” towards the systedecdhe real problem is not that
the information can or cannot be modeled at thédsglevel, but the question of the
understandability of the modeling constructs bylibsiness level users.

A third area of future work is the direct combiaatiof BPMN 2.0 with agent-
based systems defined by PIM4Agents. The quedti@inhiave to be answered in this
respect in how much information has to be manuadigled on the PIM4Agents level
after applying BPMN to PIM4Agents model transfotiba to generate executable
agent code.

8 Conclusions

This paper represents a model-driven approachoedhe existing gap between
business requirements specified using existing nessi modeling languages and
agent technologies. To realize this, we defined tmaalel-to-model transformations:
The first transformation is specified between Clb¥land SoaML, the second
transformation maps SoaML models to PIM4Agents nwdy utilizing the code
generators of PIM4Agents, the generated modeldheamapped to executable code
based on the agent platforms JACK and JADE.

This approach allows the specification of businesgiirements using BPMN and
the mapping to agent code. On each level of the FHANodel transformation
architecture, details with respect to the undegylimnguage and technology can be
added that normally requires different roles tarhmlved, from the business analyst
to the agent programmer.
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