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Abstract. Software developments of large scale systems neguéll organized
process structures for a proper and smooth execuimumber of frameworks
already exist for outlining and defining procesaed their workflows and work
break down structures. The different activities abhcompose these processes
need to be executed in an organized fashion, edslityhaving work products
as inputs and outputs. In that sense the individo@ities can be considered as
services which need to be executed. Consideringvti@e development life
cycle of software development of complex systenesetare lots of services
which have to be called in an orchestrated wayiteessfully create a software
system in the end. This paper describes a novefiation of a process
definition framework, which is used to define aml énact development
processes, an orchestration tool, which allowsdii@nition and execution of
service compositions, and ModelBus, a service azgéntiddleware connecting
model-based development tools and the services dfffey. This integration
provides major benefits in particular for mediurmesl and large-sized
development teams. The paper describes the garehalecture of the solution
as well as the individual benefits.

Keywords. Process Enactment, Automation, Tool Integrationpd®ing
Services
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1 Introduction

In a model-driven development process a lot ofoastiare performed on models,
among them model transformation, model compositioodel verification, model
checking, model storage, or code generation. Tilgjcthere are multiple different
roles participating in a development process whielve different interest in the
individual parts of the systems. They use toolsrayppate for accomplishing tasks
part of a specific process step. Due to the vaétiasks and process steps the used
tools differ very much in their functionality andser interface. For example a
requirements management tool is to some extenérdiff from a test execution
engine. Thus both tools are used in the same dawelot process but have different
views on the system and are used by different u3dis in particular makes it really
challenging to form a chain of tool for buildingfseare systems which is highly
flexible as well as seamlessly integrated and whiat a high degree of automation.
The individual tools of a tool landscape offer aertfunctionality and rely on certain
preconditions with respect to the expected inpur example a model
transformation tool expects input models of a dpedype and realised with a
specific modelling framework. There are other toetsich are meant to be used by
humans and offer a graphical user interface. Ther usterface visualizes
functionality realised by a tool or even provideg dther tools. For structuring the
discussion about tool integration we identify basad1] the following four layers:

» Datalntegration. To integrate different tools which act on datatfiis case act on
models) they need a common understanding what &fndlata they handle and
how the data is encoded. It is needed to idengifes of models (e.g. UML 2.1
model [6]) and the modelling framework (e.g. MOR[&hd/or serialisation used.

» Control Integration. If tools offer certain functionality which can hesed by
other tools it is vital to have a clear descriptmnthe service offered and of the
way how to use this functionality. So the accesshragisms or transport protocols
(e.g. Web Services using SOAP over HTTP) need tddmified.

* ProcessIntegration. To form a development process it is needed tmegfrocess
phases and steps in which different activitiesagtomplished. The execution of
the process relies on functionality provided byiwidlal tools as well interaction
with human beings. Process Integration is targete@d how to orchestrate
functionality, roles and data flows in a global pess perspective.

» Presentation Integration. Another level of integration arises from the neédn
integrated user experience. So a user want tohasbdst possible presentation of
data based on his specific context and role hectingain. There is always the
difficulty to present information in the appropgdbrmat and granularity.

Taking a look onto this problem and in particular @onsidering Eclipse as an
integration platform one way to create a basicgrggon would be to write or to use
Eclipse Plug-ins for all the needed functionalingdahen load all of them into a single
Eclipse workspace. In this approach even a comnewapgctive could be created,
which would serve the purpose of presentation natiggn. Obviously this is not a
great "integration”, it's more like a common padkeagbut if the tools do not use each
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other's services then, it is hardly possible tdlyezll this integration since all the
other aspects of integration are not considereficmiitly.

MDE and MDD processes involve multiple heterogynmalel-based tools to be
used in so-called “tool chains”. Indeed, working lamge software projects will
impose using code and model sharing solutions —,CSAB\N model repositories;
Modellers able to show different type of systemsws — goal and requirements
models (BPDM), business models (BPMN [13]), conaeptarchitectural and design
models (UML2 with different types of profiles, DSt dModel Transformation and
Code Generation tools; Verification, Simulation ahesting tools. Developers use
several of them at each step during the whole projie-cycle. Commonly,
developers execute “modelling services” manuallywimg models from one tool to
another and specifying execution parameters.

Efficiency of this manual process can be improwgden some common process
patterns are discovered or imposed by softwareneeging process. In this case,
these common processes can be automated provigethtifs implements ModelBus
interfaces. For example, for the standard qualibcedures it may be required to run
a set of standard quality checks — naming convestidequirements description
coverage, documentation coverage. Depending on Instdethe process may be long
and hard. Automating it would allow save time amdvide more control to the
software quality.

This paper presents a solution to the first theaels of integration needs; namely
data, control and process integration. Additionaliyiscusses possible solutions for
the presentation integration. The solution is @eéats part of two European projects
co-funded by the European Commission. The first isnlodelware [8] which has
been finished already and the second one is Magle[8] which is currently running.
In particular these projects evaluate the solugimsented herein based on industrial
case studies. The remainder of the paper is orgdrag follows. Section 2 describes
the basic infrastructure we used for tool integmatiwhich is the ModelBus. Section 3
explains how automation can be achieved by creatind executing service
orchestrations. Section 4 explains how this is efdbd in the definition and
execution of development processes. Section 5 edeslthe paper.

2 A world of services

Simply putting a set of Eclipse Plug-ins into ordifise instance will give a unified
graphical interface to a set of tools but is maiabout presentation integration. It
does not cover the other three aspects (as digtads®e/e). Now improving on this
idea, something like the Eclipse Team Providerrfatee could be created. This is,
provide a common interface (as APl not GUI) whidlbwas to group similar services
provided by different providers. In the Team SetResvider case we can usually see
the case where several CVS and SVN clients candialled in the same workspace.
However here we would be achieving a common entiptgfor similar application
but there is no real integration between the apptios because they do not cooperate
in any standard way with each other.
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Putting this Eclipse Plug-in based approach andattegr forwards would be to use
or contribute to the Eclipse Communication Framdéw¢ECF) which aims at
providing a set of common interfaces for applicatioto extend and use to
communicate to each other even in a remote fashiomever, this framework is
targeted on Eclipse based tools only and doeseadtyraddress the specifics arising
from dealing with models. However, staying onlytire Eclipse World is in some
case not feasible. There are many tools used mytedlevelopment processes which
are not Eclipse based but have particular funclipnand user interface. Engineers a
trained to use those tools and these tools carmeabily replaced.

For this reason we have designed and realized @n @ghitecture for integration
of arbitrary software tools (including those whiahne Eclipse based) using well
established and open standards. This is done Hpwiog a service oriented
approach. So we have a distributed platform whemdst provide and consume
services in order to obtain some added value. iShastually the definition of a SOA.
We call this platform ModelBus. One could think EfodelBus as some sort of
middleware, like CORBA [10], which has a registritwthe services offered by each
tool and allows you to consume services withoutrywiog about the distributed
nature of the system.

Using plain Web Services is another option to @eatSOA for integrating
software tools, actually ModelBus is compliant mwm® point with it. REST[11],
XML-RPC[12] or any other protocols and architectun prove to be useful but
they do not care about the content of the data tfasport. And this is exactly the
key benefit of ModelBus.

Finally, using ModelBus, Process Enactment and éa®@©rchestration tools can
ultimately be used to create/orchestrate/monitonpmsite services by combining the
different services from the different tools intowsorkflow. And these tools are
described later in the paper. Therefore the endinssface could be the workflow in
a high level, business oriented notation, with #idruwhich says execute and all the
tools and services will start to run, windows wibhp-up to each involved user and
everything can be "automated" to a certain extent.
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Fig. 1. ModelBus General Architecture

ModelBus is available as Open Source Software a@sgbahe MDDi Project [4]
hosted by Eclipse. Details on the ModelBus architecare described in [2, 3] The
following will shortly outline the key concepts. ModelBus a tool can consume or
provide services. These services are called magisénvices. A modeling service can
offer arbitrary functionality, for example the tefarmation of an input model into an
output model based on a specific rule set. Modellses the concept of adapter to
bridge different technologies. Whenever a tool egsoa modeling service it will be
deployed to ModelBus by registering its adaptethin ModelBus Service Registry. If
a tool wants to consume a modeling service it singplls the service via its adapter.
The adapter makes a service lookup by using theiceeRegistry and forwards the
actual service invocation to a tool offering theviee. The service invocation can be
made either locally or remotely in case a tool rirfiig the requested service is only
available remotely. But this is transparent to imed tools. Beside the tools used
within the different phases of the developmentclifde there are some particular
ones, which are targeted towards the automatedtreaat of the development
process, which is outlined in the next sections.

3 Orchestration

Common platform for modelling services, ModelBuslps to bring automation to
the software engineering process. The Orchestrdtam developed in the frame of
ModelWare/ModelPlex projects is a tool for automgtiexecution of ModelBus
services - modeling services provided by MDA todlee orchestrations leverage on
BPEL — Business Process Execution Language — [lldhguage for orchestrating
web services. This language provides a flexibleatimt for describing process —
different types of service invocations, transitidmstween invocations, conditional
transitions, loops, event handlers and rollbackfsemsation activities. The
Orchestration Tool brings this flexibility to theogteling services domain. In addition,
using BPEL allows using ModelBus services and cativaal Web-Services in the
same process. In particular, this allows managinmdn interactions involved in the
process either by integrating custom Web Servittes rhail notifications either by
integrating modeling services in BPEL4People or Wi{Bnaninteractions processes.

In order to illustrate the above-provided descoiptiet us consider a quality
checking example in details. The following Eclifg@EL diagram provides details on
the process.
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& | stark
= AssignInputs for Model Repositary
& getUMLMadel
= AssignInputs for OCL Tool
& checkUMLModel

@ Analyse OCL Checking Result

If Else

<§> sendMailwhenk <§> sendMaiwhenFailure

[ Exit

@] end
@
Fig. 2 Quality Constraints Checking BPEL Orchestration

The process involves Model Repository and OCL CheclEngine. At the first
step, the tool retrieves a required model fromrépository. Then, the verification is
started to the given model and set of quality qansts. Depending on the result
report on success of failure is send to involvedetigpers.

This process involves both ModelBus services — hogjgository and OCL [16]
verification — and conventional Web Services foteiacting with humans — mail
notifications. One may argue for integrating ofgheunctionalities directly to the
development environments or checking the consdamtrun-time during the model
composition. Nevertheless, depending on the sizheofmnodel and complexity of the
verification constraints the process can requirbe@pplied to the final results of the
modeling and may take a long time blocking the wtakions. In addition, using
BPEL engines allows ensuring process executiorigtensy.

4 Process Enactment

4.1 Overview

Service Orchestration is used to coordination tmdation of modelling service to
complete specific activities. The next step is lacp these activities into a software
engineering process taking the project managenmémtaiccount. Traditional project
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management and planning tools allow project leadersvork in a free, manual,
programming like environment which leaves to thenpler most of the responsibility.
These environments usually force the project ledderepeat tedious tasks while
planning, monitoring and executing the project. kBawhich, by themselves, do not
provide any added value to the final products,ibstiead waste some serious amounts
of time during the planning and execution of angjgct, thus increasing the overall
costs.

Sometimes these problems are palliated by usinglétes, should the tools
support these. However in large organizations, eleemplex projects usually take
place, each of the processes which compose theyidie of a project can be viewed
from several levels of abstraction. Also, from mamgas of the organization several
quality and standardisation requirements can beimed) in any of these life cycle
processes, therefore rendering these solutionggthplates) inefficient.

In this section the idea of these problems beingrested by using MDE
techniques, is proposed, techniques which are lysioaind in Software Engineering
domains. The basis for this is the assumption that traditional planning and
monitoring tools resemble traditional programmingnduages. Meaning that
traditional planning tools usually provide a singpev level viewpoint of the project
which ends up presenting the same problems a# iatraditional software coding.

MDE methods have proven their usefulness in sowapgramming areas and,
even if the business oriented project planning moditoring domain differs from the
more technical software development domain, thareadf the problems which arise
in both is similar and hence, the solutions mapabevell similar.

In order to apply MDE methods in project managememtans to model the
processes and entities which form up the domaimeeeled. In this matter there are
already several meta-process modelling initiatiles Software Process Engineering
Meta-model (SPEM) [15] and Business Process Mauglhiotation (BPMN) [13],
both are initiatives from the Object Management U prdOMG). These modelling
notations can be considered as the equivalent ol UM the business process
domain.

By having the possibility of representing the imf@tion of the project planning’s,
processes, work products and all those elementghwbihd up conforming the
lifecycle of a project in a unified structured fash the possibility of applying all
kinds of transformations to these models becomedadole. These transformations
will allow seamlessly creating several viewpointdavels of abstraction, integrating
information from various sources automatically, eming new information and
ensuring that the quality requirements are met &ingu existing model validation
techniques.

The Software Process Engineering Meta-model, SPHMs aat providing
organizations with the means to define a concegdtaahework, which can provide
the necessary concepts for modeling, interchangilogumenting, managing and
presenting their development methods and procedsesonstitutes a sort of
“ontology” of software development process. Ithe imodel underlying the Rational
Unified Process, and to a lesser extent many ofBMe Global Services Methods. It
serves as the basis for the construction of proaeisoring or management tools,
such as IBM's RPW, Osellus’s IRIS, Softeam’s Olgedhg. It also serves as the
basis for further developments in project planniagd estimation, resources
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management, process simulation, etc. The actualtmeat of processes—that is,
planning and executing a project using a processriteed with SPEM, is not within
its scope.

The Business Process Modeling Notation (BPMN) istandardized graphical
notation for drawing business processes in a wavkfIBPMN was developed by
Business Process Management Initiative (BPMI), iantbw being maintained by the
Object Management Group since the two organizatioasged in 2005. Its current
adopted version is 1.0 and the proposed one isTA®.primary goal of BPMN is to
provide a standard notation that is readily un@adable by all business stakeholders.
These business stakeholders include the businedgstmwho create and refine the
processes, the technical developers responsiblanfaementing the processes, and
the business managers who monitor and manage ticegses. Consequently BPMN
is intended to serve as common language to brilgecobmmunication gap that
frequently occurs between business process desiymplementation.

Both SPEM and BPMN relate in the fact that both d&@nused to describe
workflows of processes and tasks pertaining to@oyject, product or activity. It can
be observed that BPMN focuses more on the actudtfleas of the activities, the
relation between each artefact and their assoniatith each activity, which is
comparable to an UML activity diagram. SPEM on tither hand does not allow
such a fine workflow representation but has a nmohe rich ontology which allows
for representing aspects of the processes thabtaenrepresented in BPMN such as
roles, decomposition and states of the artefaaigjetines and work breakdown
structures.

SPEM 2.0 is mainly used to define software procefisat interested organisations
want to describe. There exist several reasons Fachworganisations need to define
their processes. These reasons go from quality im@denpliancy such as CMMI® to
better know how the organisation performs its besénby explicitly describing their
processes. In fact using SPEM 2.0, they only speitiéir software processes at
global level.

But SPEM, although specifically conceived for safter development, maintains
for most part of the specification a high enougktedztion level which may allow
using it in other vertical domains such as bankimgpmotive, etc.

However this is not enough for organisations, ay theed to enact their processes,
meaning that they need to obtain specific, detadlad executable plans and they
require mechanisms to monitor and control them,ueng compliancy with
standards.

Therefore, on their own SPEM and BPMN provide ifisignt tools for enterprises
to manage their projects and products, but combittie two greatly improves their
potential since each of them, although they oveddpt, have their main strengths
focused in different areas, becoming a natural ¢ement to each other.

BPMN will prove especially useful for the automattiof the execution of tasks in
the project since there are studies, mappings @oithg support to transform BPMN
model to BPEL models, which can be executed ingi@&OA context, which is in our
case the ModelBus tool integration layer.



Automated Model Driven Development Processes 9

4.2 Fusing Enactment with orchestration.

During the MODELPLEX Project the Eclipse Procesarhework Composer was
modified to be used as the core tool to model SRiEMesses. The vanilla tool was
modified to enable model transformations from SPHEMdels to BPEL and

MSProject. The embedded transformation tool is Opechitecture Ware and we

perform 2 types of transformations, model to teat generate the BPEL and
MSProject files and one model to model transforarativhich generated Enactment
Models from SPEM models. In figure 2 it can be obsd how these elements
interact with each other.
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Fig. 2. Process Enactment for Quality Constraints Checking

4.3 Example Use Case of MDE Techniquesfor Process Enactment

In order to illustrate the coupling of the softwasngineering process with
orchestrations of MDD tool chains, let us considese following oversimplified
example.
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Fig. 3. Simplified Software Engineering Process

A RUP-like process consists of two phases Incepdiath Construction. During the
Inception phase an Analysis Model is elaboratetidated and released. It is then
transferred to the development team which implem@uinstruction phase.

Based on this process, a project plan is creathithwdefines number of iterations,
dates, human resources allocated and etc. Stairimy this and using iterative
transformations from SPEM to BPMN and then BPEL e&acutable process can be
defined [5]. In this process the interactions witivolved teams and orchestrated
process patters is defined. Figure 4 depicts d fewsult for an engineering process
using an orchestration defined in the previousisect

This is a representation of the project planningrinexecutable form. The process
can be run with BPEL engines and can be monitosialguavailable interfaces. This
gives an opportunity to trace the execution ofgh@ect and synchronize the actual
project planning with its executable representation

In this way, the approach allows integration ofehegeneous MDD tools in
orchestrated tool chains that can be coupled withept execution environments
using process enactment techniques.
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Fig. 4. Process Enactment for Quality Constraints Checking

5 Conclusion

In this paper we presented a general approachréation of integrated tool chains
with a link to process definition, process planniagd process execution. This
approach was followed by using a service orientedl integration framework named
ModelBus. It realises a SOA by allowing tools tmyide and consume modelling
service. Based on that, the service orchestrasom iparticular useful to automate
service invocation. The orchestration in our casachieved by using a BEPL engine
capable of orchestrating modelling services andnpleeb service. Those service
orchestrations build the fundamental building blbdk the development process
definition of a model-driven development procesinition and for its enactment.
Those service orchestrations are used, when thalgbcess steps are executed. The
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whole approach is instrumented by using standactinogy like Web Service,
BPEL, or SPEM.

There is still an open point with respect to thesentation integration and in
particular to user interaction. One of the ideasctvthave been proposed to address
this issue is to implement the user interactionseasices themselves. Therefore one
service implementation can invoke another serviee request data. The
implementation of the later service would pop upiadow or requests the user for
some kind of input. To address the presentatiordaspf the integration a service
oriented approach can be used. A service wouldhbaked by a client which would
render the output to the user. We have alreadtifihthis issue but we have not
solved all the problems. For example, in order ¢ader the output of a model
simulator the client or service requester may ns@aie additional software to be
installed on their terminal. This is not addresd®d SOA architectures but the
provisioning mechanisms of Eclipse would allow &mptely install and to provide
the necessary bundles to client applications (Mgihd2). This will be addressed in
future activities by integrating appropriate praaéion integration solutions.

However, with the presented approach we can integhgterogeneous tools
forming a MDD tool chain. This comprises consumiaigd producing tools. We
achieved the integration on 3 different layers (epndata, control, and process). We
also integrate pragmatic approaches for the pratentintegration, but we want
further investigate this problem in upcoming ad¢ids.

One of the major benefits of our approach is thepting of these integrated tool
chains with the MDD software engineering proceshisThas the potential to
substantially increase the productivity of todagtdtware engineering. Obviously, it
is a great support for automation but it gives aleme post-execution capability to
examine completed development processes, for exartpl analyse particular
problems. The presented solution will be exploitedhe Modelplex project. Within
this project four industrial case studies will beeeuted, targeting on creation of
complex systems.
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