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Automotive Case Study: On Road Assistance Demaost(attorial) 15.2.2010

Executive Summary

This report provides a detailed documentation oa #hutomotive Demonstrator implemented in the
SENSORIA project in order to demonstrate the usa sét of techniques, methods, and tools develojithth
the scope of the project. The techniques used Me430A, various model transformations from UML to
BPEL and WSDL, the CASE tool MagicDraw, and the SENRIA Development Environment (SDE). In
particular, the Demonstrator focuses on the deveéoyt process of service-oriented software. It destrates
how a model-driven process can work, which autaradlyi generates and deploys a service based ordalmo
of the service. This service is defined as an atrhBon of web services.
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1 Introduction

This report provides a detailed documentation oa #hutomotive Demonstrator implemented in the
SENSORIA project in order to demonstrate the usa sét of techniques, methods, and tools develojithth
the scope of the project.

The main goal of the Automotive Demonstrator ishow the power of the SENSORIA approach based®n th
application of model-driven architecture (MDA) priples in the area of service-oriented computing.
Implementation following the model-driven approaishbased on the construction of models and model
transformations. In particular, it demonstrates h@wnodel-driven development process can work, which
automatically generates and deploys a service basedmodel of the composition of services. Thiwise is
defined as an orchestration of web services.

The Automotive Demonstrator implements tba Road Assistancgcenario [D1.4a, Koch07, BKO7]. In this
scenario, the diagnostic system reports a sevédtgefan the car engine; for example, the vehicleilslamp
reports a low oil level. This triggers the diagnostystem of the vehicle to perform an analysishef sensor
values. The diagnostic system reports, for examgplproblem with the pressure in one cylinder heau
therefore the car is no longer drivable. It sendseasage with the diagnostic data as well as thieleés GPS
data to the car manufacturer or service centre.

Based on the car position, the service discovesfesy identifies and selects the appropriate ses\iitghe
area: repair shop (garage), tow truck and car kenhen the driver makes an appointment with thege; the
diagnostic data is automatically transferred togheage, which could then be able to identify thars parts
needed to perform the repair. The service discosgsyem identifies as well a car rental serviceyjling the
GPS data of the stranded vehicle. The driver makeappointment with the car rental service to pipkthe
rental car. The current version of the Demonstré&dimited to the orchestration of garage and aknar
services, but could easily be extended to include the tow truck service. We assume that the owhéne
car has to deposit a security payment in ordeetalile to use the services.

The services involved then in the implementatiothefOn Road Assistan@e the following:
Position Servic@roviding the GPS data of the stranded vehicle
Bank Servicéor charging a credit card
Garage Servicefor the localization and selection of garages
Rental Car Servicefor the localization and selection of car rentatisins.

For the demonstration, a first UML model is buit the sequential orchestration of the requiredicesvfor
determining the car position, finding garages iarbg the car and selecting the most convenientggafiest,
finding rental car stations nearby and selecting afierwards. The orchestration process finalizék the
credit card charge service. Using a chain of medglsformations the model is transformed to an etedade
service implemented in WSDL and BPEL and deployedat web server. Model transformations and
deployment are performed in a fully automatic way.

The Automotive Demonstrator is designed in suchag that the invocation of each service is visudlizethe
web browser and expects a user interaction, alalbgist a click on a continue button. In fact, fhasition of
the car, asset of garages and car rentals neagbgathposition, and then the selected garage ancental
station are visualized in Google maps API. Forithplementation of the interactions and the viswian
dynamic generated web pages are associated tcseagbe and the BPEL process is enriched with st
interactive features by a complementary model foansation.

The power of the model-driven development appraackhown by a second run of the Demonstrator that
consists of changing the orchestration model. THanges are twofold: (1) the credit charge sensdevoked

at the beginning of the process, and (2) the Ipatibn of garages and rental car stations as veelhe
selection of the most appropriate garage and reotal station are parallelized. Again, the model
transformations and deployment are performed auioally with the tool chain defined for this purpos

The models are built using the UML4SOA notationjahhis an UML extension that has been defined tdeho
service-oriented systems. The model transformatimmyert the UML4SOA models to BPEL and WSDL in
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several steps. The model transformation from UMBREL and WSDL defined so far within the scopehaf t
SENSORIA project were not sufficient for supportitg model-driven process, i.e. the automatic geioer
based on the UML4SOA models built of the applicatim addition, deployment of the application ontuld
be performed manually.

To overcome these limitations additional model-todel and model-to-code transformations, and a fonct
supporting automatic deployment of a web applicatioto a web application server were implementde T
first additional model transformation is needegtovide BPEL and WSDL code that is executable BP&L
engine (in our case ActiveBPEL). The second madeisformation is needed to allow user interactims to
visualize results step by step during the demotistraT he third one is to deploy the resulting vegiplication.

Note that the model transformations are independ&the scenario, even more they are independettieof
BPEL/WSDL application, i.e. they are totally gewesind reusable for other services modeled as dreties
of other services.

The CASE tool MagicDraw was used for the modelliagfivities and the demonstration process was
implemented using the SENSORIA Development Envirent{(SDE), which is an Eclipse-based framework
for the integration and use of the tools develojethe project for the analysis and developmensestice-
oriented software. The resulting web applicatioruis under a Tomcat v5 server.

The reminder of the document is organized as aeeée guide for the installation of the softwarguieed for

the Automotive Demonstrator and the informationdszkfor a successful run of the demonstration.i@e&
describes the system requirements of the Automdiemonstrator. Section 3 presents the architeattitbe
Demonstrator. Section 4 presents the newly definemel transformations. Section 5 describes the
demonstration process and the results of runniagdimonstration twice. First run is based on tlygiesetial
orchestration of services and the second run omtbdified model changing order of services ancbihticing
parallelism. Finally, section 6 describes lesseasied and sketches some future work.

016004 (Sensoria) 8
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2 System Requirements of the Demonstrator

The following section describes the system requémrenand development environment of the Demonstrator
The section covers the software- and the hardwardiguration as well as the standards used in the
implementation.

2.1 Software

A set of software tools must be installed to depedad run the Demonstrator. At first, a UML CASBItbke
MagicDraw or IBM Rational Software Modeler (RSM)riseded to modeling the UML model. After modeling
the Eclipse Development Environment v3.4 and a&&klipse plug-ins (SDE, MDD4SOA) must be instdlle
for running the model transformations and the impdatation of the web services. The application daiaeb
services should be stored in a database (e.g. My&)LThe web services and service orchestratidPHB
process) must be deployed in an application sdikeTomcat v5.5. A BPEL engine (e.g. ActiveBPELgere)
must be installed to run the BPEL process. Javabpment Kit (JDK) v1.6 is necessary to use altifea of
the SDE. Further more DINO [DINOQ7a, Dino07b] igjuaed to realization of the semantic dynamic savi
registry and discovery. More details on requiretivemre components and tools that the Demonstrateds
are described in the following subsections.

2.2 JDKL1.6 (for SDE)

The Automotive Demonstrator is written mainly irvdafor which implementation the SUN’s JDK 1.6 was
used. The SDE is built on cutting-edge technoldgyequires Java JDK 1.6 to be installed. Formasioms,
including 1.5, will NOT work as the SENSORIA Devptoent Environment (SDE) uses the Java 6 Scripting
Engine. Note that you will need the JDK. Only tiREJisn’t sufficient for running the all feature 8DE.

Download:http://java.sun.com/javase/downloads/index.jsp

2.2.1 JDK1.5 (for Tomcat5)

JDK1.5 must also be installed, because the ActileiBPngine 4.1 runs only with Apache Tomcat5. Torcat
requires the version 1.5 of JDK.

Download:http://java.sun.com/javase/downloads/index_jdk5.jsp

2.2.2 Eclipse3.4

SENSORIA SDE needs the new features of Eclips@hdrefore, the Eclipse3.4 must be installed as IDE.
recommended to explicitly use the Java VM when mmprEclipse. This is achieved with the -vm command
line argument (for example: -vm “D:\program files¥&\jdk1.6.0_06\bin\javaw.exe”). Without -vm, Ed@
uses the first Java VM found on the O/S path.

For example for Windows, Figure 1 indicates howdaafigure Java VM explicitly. Right mouse click at
eclipse icon in windows desktop properties link  set target with
(D:\EntwicklungsProgramm\eclipse_jee _ganymede_SR1®clipse\eclipse.exe -vm "D:\program
files\Java\jdk1.6.0_06\bin\javaw.exe" -Xmx1024M)

016004 (Sensoria) 9
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Figure 1: Screenshot of properties of eclipse ican windows desktop

Also, within Eclipse, the right JDK must be selecte the preferences before starting a Runtime \Mamnkh.
The Java JDK 1.6 must be selected as default JEElipse (Window > Preferences > Java > InstalRHsI..)
as shown in Figure 2.

Figure 2: Installed JRE

016004 (Sensoria) 10
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In addition, set VM Memory for Runtime Workbench falows: Click “Edit”, configure VM Arguments "-
Xmx1024m" in Figure 3.

Download:http://www.eclipse.org/downloads/

Figure 3: Configure VM Arguments

2.2.3 Eclipse Plug-ins

The Eclipse plug-ins (e.g. Graphical Editors an@nfk@works, Models and Model Development, SOA
Development, Web and Java EE Development, SDE, MED¥ and MDD4SOA_Extension) are necessary
for running the Automotive Demonstrator.

2.2.3.1 Installation of Plug-ins using Ganymede Ugade Site

Begin the installation of the plug-ins by selectthg menu path as shown in Figure 4.

016004 (Sensoria) 11
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Figure 4: Update plug-ins

Select the “Graphical Editors and Frameworks”, “Misdand Model Development”, “SOA Development”,
“Web and Java EE Development” of Ganymede Update&a®id install them as illustrated in Figure 5.

Figure 5: Select to installed plug-ins of Ganymede
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2.2.3.2 Installation of the SENSORIA Development Brironment (SDE)

The SENSORIA Development Environment (SDE) hasddnstalled as Eclipse plug-in through the Eclipse
update site of SDE. Further information about S loe found at the SDE website.

SDE websitehttp://svn.pst.ifi.Imu.de/trac/sct

Eclipse update site of SDEttp://svn.pst.ifi.Imu.de/update/sct
2.2.3.3 MDD4SOA

MDD4SO0A is a model-driven development approachS®A applications. It is based on UML4SOA models
and on model transformations. UML4SOA is a UML feoffor modeling service-oriented software; in
particular, for modeling orchestrations of serviteside a SOA-based system [MSKa, MSKb]. The model
transformations defined before the Automotive Desti@ior was built, were not sufficient for suppogtithe
model-driven process, i.e. the automatic generdimsed on the UML4SOA models built of the applmati

We implemented additional model-to-model and mddetode transformations to overcome these limitestio
Note that these implemented model transformatiaesimadependent of the scenario, even more they are
independent of the BPEL/WSDL application, i.e. thee totally generic and reusable for other sesvice
modeled as orchestration of other services.

MDD4SOA must be installed as an Eclipse plug-imtigh the Eclipse update site of MDD4SOA.
MDD4SOA websitehttp://www.mdd4soa.eu/web/

Eclipse Update Site of MDD4SOAttp://www.mdd4soa.eu/update

2.2.3.4  Extending MDD4SOA

MDD4SOA _ Extension is an extension of the MDD4SOAugsin. It includes two additional model
transformations. The objective of these model fiansations is to convert BPEL/WSDL files to ActivEBL
Engine compatible BPEL/WSDL files. In additionriciudes a method to deploy BPEL process to wekeserv
This extension could be installed as an Eclipseg+u through the Eclipse update site of
MDD4SOA_Extension. Figure 6 shows the selectioplog-ins to be installed for SDE and MDD4SOA.

Eclipse updates site of MDD4SOA_Extensibtip://www.sensoria-ist.eu/cirquent/eclipse_Plug-update

Figure 6: Select plug-ins to be installed for SDErad MDD4SOA
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2.2.4 Tomcat5.5

An Apache Tomcat (version 5.5) is used as appticaserver. The different web services and BPEL gssc
must be deployed at the application server. ThecApd omcat 5 or higher version is required by AeRPEL
Engine 4.1.

Download:http://tomcat.apache.org/download-55.cgi

2.2.5 ActiveBPEL Engine (ActiveBPEL4.1 Final Releas

For the orchestration of the services we use theingss Process Execution Language (BPEL). The XML-
based BPEL files are executed in the open soureewtinn engine ActiveBPEL, version 4.1. This engimes
web applications in the webapps directory of an dgaTomcat application server. (We use Tomcat 5.5,
because this version has been tested for ActiveBRE). With the BPEL engine, the different servicesild

be invoked.

To create and to deploy own web services, the tblpache Axis 2, version 1.3, is used. Axis ishexded
in the Apache Tomcat similarly to ActiveBPEL. Axsovides tools for creating and deploying new web
services or for transforming existing applicatiém® web services.

Requirements of ActiveBPEL engine:
- Apache Tomcat 5.5
- Sun'sJDK 1.5

The installation itself is described in the docutaéinn section of the web sitét{p://www.activevos.coin
After running the install script the ActiveBPEL damer is integrated in the Tomcat server. The BRBgine
would always be started automatically when startigTomcat.

Download ActiveBPEL 4.1http://www.activevos.com/community-open-source-esgilownload.php

Tutorial for Installing ActiveBPEL:
http://users.encs.concordia.ca/~yuhong/teaching/AM$BI05/Task0_GettingUpandRunning-
LITEVERSION.doc

2.2.6 Dino0.2.2

The Dino tool [DINOO7a, Dino07b] (version 0.2.2)used for the semantic dynamic service discovehg T
Dino project provides a tools and a runtime systiem enabling dynamic and adaptive composition of
autonomous services based on the non-functionalrezgents of services.

Web page of Dinohttp://www.cs.ucl.ac.uk/staff/a.mukhija/dino/

2.2.7 MySQL5.1

MySQL5.1 was used as database to store the tesbtiliie Demonstrator.

Download of MySQL5.1http://dev.mysgl.com/downloads/mysql/5.1.html

2.2.8 MagicDraw

We use MagicDraw15.0 to model the orchestrationtted services that define the application of the
Demonstrator. IBM Rational Software Modeler (RSM)tlee IBM Rational Software Architect (RSA) can be
used as well. The UML Profile (MDD4SOA Profile) wassted with both CASE tools, MagicDraw and
RSM/RSA.

Download of Magicdrawhttp://www.magicdraw.com/
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2.3 Hardware

Basically the Automotive Demonstrator will run omyamachine where a standard Java distribution is
available. Furthermore, to connect to the differsettvices, which are requested in the scenarimust be
possible to establish an Internet connection. Hapgdt has to be ensured, that Java applicatemtessing the
Internet are not blocked by a firewall or a proxy.

To provide services, which can be invoked by thenDestrator, different application servers, runngither on
one or more physical machines, must be installesl.application servers we will use the Apache Tomcat
running on any Tomcat compatible operating systeim. Windows, Linux, Mac).

2.4 Standards

Especially in the area of service-oriented architexs it is the aim to use standard methods arld wwenever
they are suitable. The Demonstrator mainly relies veeb service techniques, such as WSDL, BPEL,
SOAP/XML-RPC and REST. In addition, we use the Ubtandard for modeling the SENSORIA Automotive
demonstration application.
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3 Architecture of the Automotive Demonstrator

Basically the Demonstrator of the “On Road Assis¢drscenario has the issue to show the “car bremktio
scenario implemented with a service-oriented apgro@he driver of a car has got a vehicle malfunrctir an

accident somewhere on the road. Now the user wargst help and road assistance. Therefore henvake

several services by using the cars built in comeation device. This is exactly what the Demonstratants

to show different workflows for this scenario.

3.1 Overview

The architecture of the Demonstrator for the autibracscenario is built as typical client/serverharecture.
On the client side is only a full JavaScript endbleeb browser is needed, for example Firefox oerhet
Explore. The business logic specified as a semwickestration is deployed on the server side.

The application is defined as a three tier architecon the server as showed in Figure 7. Thel&gsdr is the
presentation layer. The “ViewManager” in the prdagan layer is a component developed to parseclibat
request, to call the service orchestration and igé@eveb pages for the client.

The business logic is located in the second Ia&eBPEL process lies in this layer, which is in awof the
service orchestration. Several local or remote wetvices can be called by the BPEL process. A apeci
service is used for the invocation of the Dino leok

A database lies in the third layer, i.e. the pé&gsislayer. The database will contain all data eedely the
services.
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Figure 7: Architecture of the Demonstrator

The architecture of the Automotive Demonstrator floe “On Road Assistance” scenario consists of two
different kinds of components. On the one hand,mments, which are located inside the vehicle. @mother
hand, components that are arranged somewhere ettsid/ehicle. They could be spread over the W\ilde
Web. For the Demonstrator all the web services ainatl in the same application server as service
orchestration are called as local service. Alldtteer web services are called remote services,hndnie hosted

on another remote server.

The standard process in the Demonstrator for reiqges service is shown in the sequence diagraFignfre
8.

The Orchestrator is in charge of controlling theviee requesting process that consists of theiollg steps:
The client fills in the form at the web page amdsses the button in the web browser.

The http-request sends to ViewManager in the sezber.

The ViewManager parses the request and caBBEL process (ServiceOrchestration).

Local or remote web services are invoked byBREL process.

Web services get the service data from datadnadsend the result to BPEL process.

2 T o

Then the BPEL process sends the result badletyiewManager.
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7. The ViewManager generates a web page basecarghlts and sends the web page to client as http-
response.

8. After that, the results of service invoke anfbimation of the next task can be shown on the web
browser of client side.

If the client clicks the button of next task, tharslard process of the Demonstrator will be execatmin until
reaching the end activity of the BPEL process.

Figure 8: Sequence diagram of a standard process the Demonstrator

3.2 Service Orchestration

The Orchestrator is the key element of the Dematwstras it is the controlling element, which ineslall the
services. A very important issue for the Orchestra how to build the workflow of the processesr this the
Business Process Execution Language (BPEL) is lisdéble BPEL language the workflow for the autometi
scenario will be determined. This includes to defiwhich kind of services are invoked, if differesgrvices
have to be requested sequentially or parallel antescompensation mechanisms when services arelleahce

At the beginning the BPEL process receives the tifippm the ViewManager. Depending on this input it
forwards the information to the other elementsthim other direction the BPEL process sends thdtsesithe
calculations or invoke of other web service bacth®mViewManager.

If the orchestration is specified in BPEL proced® BPEL file has to be executed. Therefore a BPEL
execution engine is required. For our Demonstraterfocus on open source solutions, which bringaus t
ActiveBPEL or Apache ODE. Both are open source aead be used for executing BPEL code. For our
Demonstrator we will focus on the ActiveBPEL foetfollowing reasons: (1) All in all, this engineeses to be

in a further development stage than the ODE. Farmple ActiveBPEL supports the invocation of RESThwe
services from the BPEL code. This feature is ndtigglemented in the ODE engine. (2) We invoke web
services, which are provided over the Interneis hen a useful feature, because many of thesécssrare
published in the REST style.

ActiveBPEL engine runs under the most popular apfibn servers. To execute BPEL code, an archive
containing the BPEL file itself and its WSDL degtidns must be deployed on the application seiNew the
BPEL process can be invoked from other entitiesljks a web service. Similar to these, the reqerasdf the
BPEL processes are informed how to access thecednyiusing WSDL descriptions.
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Figure 9 shows a sequence BPEL process for theveirgant of our scenario, which consist of theusadial
composition of services.

Figure 9: Sequence BPEL process for the service drestration

3.3 View Manager

ViewManager is a server side program to coordirtate BPEL process and user interfaces. It's a bridge
between the BPEL process and the user interface.

The user fills-in the form and press the buttothimweb page. A http-request will be send to thewkilanager
of application server. The ViewManager parses #upest and prepares the input parameters. Thaiigttbe
BPEL process (orchestration). The BPEL processhmsvhole business logic. It processes the busipkass
and decides what should be done in this step afed s¥tould be done in the next step.

The BPEL process waits for the next call of thewhganager at next “receive” activity. ActiveBPEL Eng
give a “receive Queue” (list of next “receive” oadks) in the URL:

http://localhost:8080/BpelAdmin/message_rec_quspe.j

The ViewManager reads the next tasks with the fraonk “HttpClient” of Apache from the “receive Quéue
URL and updates the list of next tasks in the sesgariable with the “receive Queue” from URL arsksi this
session variable to decision the next call of BREhcess. At the same time, the ViewManager getsethts
of BPEL process and generates a web page accdalthg results. After that the ViewManager sendsviieb
page to the client as http-response. Thus thetagmsee the result and know what the next task is

3.4 Web Services

A web service is defined by the W3C as "a softwaystem designed to support interoperable machine-to
machine interaction over a network"” [WSDLOAVeb services are frequently just web application
programming interfaces (API) that can be accessed laternet, and executed on a remote systemrigptie
requested services.
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The W3C web service definition encompasses marfgrdifit systems, but in common usage the term réders
clients and servers that communicate over the Hpiocol used on the web. Such services tend tantal
one of two camps: Big web services and RESTful [R&8 web services.

"Web Services" use Extensible Markup Language (XMtgssages that follow the Simple Object Access

Protocol (SOAP) standard and have been popular atitional enterprise. In such systems, thereftisn a
machine-readable description of the operationgedfdy the service written in the Web Services bpdon
Language (WSDL). The latter is not a requiremena &OAP endpoint, but it is a prerequisite for anated

client side code generation in many Java and .NEAFS frameworks (frameworks such as Spring, Apache
Axis2 and Apache CXF). Some industry organizatimugh as the WS-I, mandate both SOAP and WSDL in

their definition of a web service.

In the SENSORIA Demonstrator the web service is liheic functional element of the orchestration. The

orchestration orchestrates several web servicethegas a new process. This new process can baydems
a new web service. The orchestration doesn’t implgnany new function self. It just reuses the etqubr
functions of the web services.

For this Demonstrator there are six concrete wali&ss separately implemented. All web Serviced bal
implemented in standard Java. Every web service wgeb project and could be deployed in differenbwe
server. Each web service could be used as a lmagike activity in BPEL process. Apache Axis2 wid bsed
to develop the web services in this demonstration.

For the deployment of web services with the Eclidssb Developer Tools see: Appendix A.2.

3.4.1 Position Service

Some services in the car assistance scenario inplkeah in the Automotive Demonstrator require theent
position of the car. Therefore information from Bbal Positioning System (GPS) is used. The G&t8 @
taken from the built-in GPS device of the vehicle.

A client program reads the current location datanfrGPS device periodically, for example in evemefi
minutes and sends the location data to the possovice server. Then the position service serpdates the
location data in the database for the user. Inlgg the current location of every user will be exhin the
database of the position service server.

The “PositionService” is a web service for the @sthation. This web service exports the methodPgsition”
to read the data from the database and give thierdysosition of a specific car back. The desasipis shown
in Table 1. The information from this service wiled as input parameter for other requested service

Web Service PositionService

Method getPosition

Input parameters useriD

Output location of the specified user
WSDL getPositionPL.wsdl

Table 1: Position service

3.4.2 Bank Service (Bank Card Charge)

For requesting the car assistance services, liesuser’s credit card will be charged. Therefoaslitrcard data
has to be provided in the Automotive Demonstra&foke or after using the services. Then the pralidata

will be checked by a bank service and the bankicewill debit the payment to the user’s accourftisTweb

service exported a method “chargeCredit” as shawiable 2.
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Web Service BankService

Method chargeCredit

Input Parameters| userlID, card information
Output Message of payment
WSDL chargeCreditPL.wsdl

Table 2: Bank service

3.4.3 Garage Service

A garage offers the repair services for differearttypes. There are several configurations: A gaayld only
repair cars of a certain brand, such as an autiwidzaler. Furthermore a garage might be limitez tduhe
lack of technical equipment for repairing certainards of cars. Two web services for the orchestnatire
prepared. The first is to find the garages in tharrof user. The second is to find the “best” garfag the user,
where “best” could be defined as the “nearest”,“tfeeapest”, the “fastest” service, etc. In ourrapéie it is
the nearest.

The web service “findGarageService” exported a mettfindGarage”as shown in Table 3.

Web Service findGarageService

Method findGarage

Input Parameters| location of user

Output a list of garage in the near of current p&sition
WSDL findGaragePL.wsdl

Table 3: Service to find garages nearby

The web service “selectBestGarageService” expaterthod “selectBestGarage” as shown in Table 4.

Web Service selectBestGarageService

Method selectBestGarage

Input Parameters| location of user

Output the best garage
WSDL selectBestGaragePL.wsdl

Table 4: Service to select the “best” garage sendc

3.4.4 Rental car service

If the broken vehicle cannot be repaired in tinhe, tiser needs to find a car rental station andameather car.
These services could help the user to find a bastental station in the near of the broken caro Tifferent
web services for orchestration will be implementéHte first is to find a list of rental stations naato the
stranded car. The second is to find the “best alestation for the user.

The web service “findRentalStationService” exporamethod "findRentalStation” as shown in Table 5.

Web Service findRentalStationService

Method findRentalStation
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Input Parameters| location of user

Output a list of rental stations in the near afent user position
WSDL findRentalStationPL.wsdl

Table 5: Service to find rental car stations nearby

The web service “selectBestRentalCarService” egpornethod’selectBestRentalCar” as shown in Table 6

Web Service selectBestRentalCarService

Method selectBestRentalCar

Input Parameters| location of user

Output the best rental station
WSDL selectBestRentalCarPL.wsdl

Table 6: Service to select the “best” rental car seice

3.5 Semantic Dynamic Service Discovery (Dino)

The realization of semantic dynamic service discpwe the Automotive Demonstrator is possible thiodige
integration of the Dino tool. “Dino provides a rime infrastructure for supporting all stages ofvemr
composition, namely: service discovery, selectimnging, delivery, monitoring and adaptation” [DOa].

The services can be registered at the Dino repgditodifferent steps. At first the existing welrngees must
be described semantically. That means, the ontoltegcription file (.owl file) must be created foach
service. Secondly the criteria for the selectionsefvices in Dino are the non-functional requiretaesf a
service. So the non-functional requirements of esekiice must be defined statically as Capabilibocliments
(-qos file). At last the ontology description filéswl file) and Capability Documents (.qos fileust be copy
to the special folders of the Dino broker serverihe services could be registered in Dino.

3.5.1 Integrating Dino in the Automotive Demonstrabr

In this Demonstrator a DinoService and a set ofawés for the FindRentalStationsService and theoRool
are integrated to show how to realize semantic ehyniaervice discovery. These components and hoywahe
related is shown in Figure 10.

The ServiceOrchestration (BPEL) invokes an Axis veelvice (DinoService), which does not provide the
concrete function itself. Instead it sends the estjto the Dino broker server. The Dino broker sediscovers
the services from the Dino repository and selebts dppropriate service according to the non-funefio
requirement of services. The selected FindRent@ad®&Bervice must fulfill all details of the qualit
requirements of the request.

Dino invokes the selected service automatically dalivers the result back to the DinoService. Atteat
DinoService returns the result to the ServiceOrithésn (BPEL).
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Figure 10: Dino integration

3.5.2 Registration of Ontology Description in Dino

The web services must have be registered at the Bdpository. The first step is to create an orgglo
description (.owl file) for each web service. Tldaicument (.owl file) provides a semantic descriptid the
service-operations. Dino must get this informatimncopying the documents in special folders in Erieo
broker Server as below:

rentalCarAxisServiceFind.owl to ontology-cache
rentalCarAxisServiceFind1.owl to owls-services/
rentalCarAxisServiceFind2.owl to owls-services/
rentalCarAxisServiceFind3.owl to owls-services/

3.5.3 Registration of Capability Documents in Dino

Each web service has special non-functional pragseror describing these details Dino has its tmxmat.
The example below shows the syntax of a capahibgument (.qos file):

<QosDoc>
<and>
<gos name="PriceLevel" minVal="0.0" maxVal="5.0"calal="0.0" confidence="0.5"/>
<gos name="CustomerSatisfaction" minVal="0.0" mak¥0.0" avgVal="0.0" confidence="0.5"/>
</and>
</QosDoc>

Dino must get this information also by copying loé tdocuments in special folders in the Dino brc&enver:

rentalCarAxisServiceFind1.qos to owls-services/
rentalCarAxisServiceFind2.qos to owls-services/
rentalCarAxisServiceFind3.qos to owls-services/

Now Dino has all necessary information and can feaitequests for semantic dynamic service discpver
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3.5.4 Requirement Document of Request to Dino

The requests to Dino must be formulated in a spéaimat. That xml-structure is calld®eqDoc The by Dino
selected service must fulfill all details of tReqDoc

The example below shows the syntax &feqyDocfile (rentalCarAxisFindRegDoc.xml):

<RegDocname="rentalCarService'kxmlns="http://www.cs.ucl.ac.uk/research/dino/Dino-ReqDec"
<modename="dino">
<servicename="rentalCarService"
functional-re£"http://localhost:8080/Dino_Reqdoc/rentalCarAxisHiow!"
gos-reE"http://localhost:8080/Dino_Reqdoc/rentalCarAxisEDino.qos’>
</mode>
</RegDoc

“gos-ref” is the URL of the required Quality of S&re (qos) file for the request to Dino. Dino comgmthis
gos file of request (qos in RegDoc) with the qdssfiof service implementations (the qos files ia folder
“owls-services”) and find the best matched seriicglementations.

There are some limitations of current version aid®i

Dino needs a direct Internet access. A proxy cabaatonfigured.

The repository of Dino is a file repository. Theahvery of service and comparison of non-functional
requirement are executed linearly.

The folder “repository” of Dino broker has to bdeted manually and Dino broker server has to be
restarted in case the ontology description (owel) fdf a service is changed.

Dino supports currently only non-functional projpestas decision criteria.

3.6 Map Display and Route Plan

To provide the driver with useful information, thisplay of maps is an essential feature for the @estrator.
These maps could be provided by different map sesviFor example the requested service could ketsd!
regarding the geographical position of the car.

The Google Maps APhftp://code.google.com/apis/maps used to show the map and to plan the routhdn
Automotive Demonstrator.

Figure 11: Map display
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On the map the car position and the positions efdifferent service providers are separately madsedhown
in Figure 11. If the user goes along with the del@choice, then he can request the service. Otbetve tells
the system to choose another service or to modsfydguest completely.

If the user selects a service provider, the rol&m ffrom current car location to service provideuld be
indicated. Figure 12 shows an example of route.plan

Figure 12: Route in map
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4 MDD4SOA Plug-ins for Generation of Executable BPE

The MDD4SOA Eclipse plug-in in its first version svalesigned for transforming UML models to abstract
BPEL processes. The resulting BPEL process file\V®&DL files generated were not executable by angIBP
engine. The specification of namespaces, servizatitm and service binding of web services in BREEDL
files were not enough for a running applicatiomgsa specific BPEL engine.

The ActiveBPEL engine, we used for our Automotivenibnstrator, requires on the one hand a specific
directory structure, and on the other hand a cgtéile and a process deployment descriptor filed(fite).
Therefore, we implemented an extension of the MDDAS Eclipse plug-in called
“BPEL2ActiveBPEL/WSDL Converter and Deployment”.idtused for the generation of executable BPEL and
it is also implemented as an Eclipse plug-in. Tea plug-in comprises two methods to transfer thetrabt
BPEL/WSDL files to executable BPEL/WSDL files in heeBPEL engine and one extra method to deploy the
executable BPEL process to a web server.

4.1 Integration of MDD4SOA_Extension in SDE

In its initial form, the SENSORIA Development Ersfirment (SDE) perspective has the layout as in Ei@ar
(Note that in the screenshot of Figure 13, soméstbave already been installed by using other @pd#es
available on the SDE web site).

Figure 13: BPEL2ActiveBPEL/WSDL converter and deplyment
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Three views are visible in SDE:
On the left-hand side, tHBENSORIA Browseris displayed. It contains a categorized listingibf
tools which are currently available in this partisunstance of the SDE.
On the right-hand side, tIB®ENSORIA blackboard is displayed. The blackboard is used to store
Java object values in-between service invocatidmsnwusing the manual generic user interface (Ul)
to access tool functions.
At the bottom, th&sENDORIA shellis displayed. As pointed out above, the shellisaaual
orchestrator which can be used to employ JavaSerigdll tool (plug-in) functions.

Double-clicking on a tool in the SENSORIA Browsasplays more information about the functions of the
tool, e.g. of the “BPEL2ActiveBPEL/WSDL ConvertarchDeployment”.

Besides some general information about the todh@nupper section, all available functions of thel tare
listed in the function section. These functions rbaydirectly invoked using the generic wizard Uldgjecting
the appropriate links. This is detailed in thedaling sections.

For the development of Eclipse plug-ins like the®H_2ActiveBPEL/WSDL Converter and Deployment” the
reader is referred to the SDE tutorial (http://pghifi.iImu.de/trac/sct/wiki/Tutorial) and brieflyescribed in the
Appendix A.1.

4.2 Functions of the MDD4SOA Extension

There are three new functions in MDD4SOA_Extensiéou can find them in “BPEL2ActiveBPEL/WSDL
Converter and Deployment” of the catalog “Transfation” in the SENSORIA browser. Figure 13 is a
screenshot of the MDD4SOA_Extension.

4.2.1 Transformation to Executable BPEL

The goal of this function is to convert an abstBEEL process and several abstract WSDL descriptioran
executable BPEL process in the ActiveBPEL enginethis function the namespaces, service locatiah an
service binding of web services in BPEL/WSDL file® specified based on the information availabliwi
the configuration file.

At same time this function generates the for AGREL engine specified directory structure sketched
Figure 14, WSDL-catalogue file (catalog.xml) anaqgess deployment descriptor file (.pdd file). A ¢uss
Deployment Descriptor (.pdd) file describes senkiéeding and, optionally, the process version detaf a
BPEL process. The WSDL-catalogue file tells the BRIagine, where the WSDL files can be found in the
deployment archive.

The example below shows the syntax of a WSDL-cgtaddile:

<wsdICatalog>
<wsdIEntry location="string" classpath="slaslp@eated/classpath/filename.wsdI"/>
</wsdICataloa:

The example below shows the syntax of a Procestoipeent Descriptor (.pdd) file:
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<process xmins#ittp://schemas.active-endpoints.com/pdd/2006/08%sdd
xmins:bpelns#http://target.sensoria.cirquent.de/orchestratiom2chestration2_Interactive.bpel”
xmins:wsazhttp://schemas.xmlsoap.org/ws/2003/03/addressing"
location=bpel/orchestration2_orchestration2_Interactive.bpe
name=bpelns:orchestration2_orchestration2_Interactive"
<partnerLinks>
<partnerLink namefindGaragePL™
<partnerRole endpointReferentsatic">
<wsa:EndpointReference xminstigtp://garage.sensoria.cirquent.de/findGaragePL.{sd
<wsa:Address>http://localhost:8@hsoriaGarage/services/GarageService</wsa:Address
<wsa:ServiceNamePortNartferxlGaragePLServicePort
g:findGaragePLService
</wsa:ServiceName>
</wsa:EndpointReference>
</partnerRole>
<myRole allowedRole$=binding='RPC" servicezfindGaragePLService>
</partnerLink>
</partnerLinks>
<wsdIReferences>
<wsdl location=project:/findGaragePL.wsdl"
namespacetttp://garage.sensoria.cirquent.de/findGaragePL.Ike
</wsdIReferences>
</orocess

Function: convert2ActiveBPELandWSDL (String inpu#Hath, String outputFileDir, String configFilePath
Parameters:

inputFilePath: the absolute file path of the inpbstract BPEL file, the abstract WSDL files have to
be saved in the same directory as the input abh&REL file.

outputFileDir: the absolute file path of the outpirectory for generated BPEL/WSDL files
configFilePath: the absolute file path of the égumfation file

Return value of this function is the absolute filgh of the generated BPEL file.

4.2.2 Transformation to Interactive BPEL

In the current version of UML4SOA profile therenis data handling. It will be including in the nexersion of
UML4SOA profile. The user interactions must be medeexplicitly in BPEL. So we give a compromise
solution for this problem of the current versionW¥1L4SOA profile. This method inserts a receiveiatt
before every invoke activity and a reply activifyea every invoke activity in the BPEL. At the satime an
assign activity is inserted before the new replyvitg. The result of the invoke activity as outpuessage for
reply activity will be specified in this assign &itly. So the BPEL process is forced to communioatth
client. Data handling and user interactions ardrodad in the ViewManager (see section3.3).

Function: convert2InteractiveBPELandWSDL (StringutigilePath, String outputFileDir, String
configFilePath)

Parameters:
inputFilePath: the absolute file path of the inBREL file
outputFileDir: the absolute file path of the outpirectory for generated BPEL/WSDL files
configFilePath: the absolute file path of the égumfation file

Return value of this function is the absolute filgh of the generated BPEL file.
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4.2.3 Deployment to a Web Server

This function compresses the output directory oEBRrocess as a bpr file (BPEL deployment archile f
and deploys the bpr file to the bpr directory ofricat server. The directory structure of a BPEL dgplent
archive for ActiveBPEL engine is sketched in Figlide

Output Di

/

META-INF

boe
catalog.xml » process.bpel
process.pdd

Figure 14: Directory structure of a BPEL deploymentarchive

wsd|

Function: deployToTomcat(String bpelDir, String figkilePath)

Parameters:
bpelDir: the absolute file path of the input diagtof to deployed BPEL process
configFilePath: the absolute file path of configtion file

Return value of this function is a message of dapknt status.

More details on the documentation of the deployihg BPEL Process can be found under:

http://www.activebpel.org/samples/samples-2/deplog/index.html

4.3 Configuration of the Converter

An orchestration invokes several web services. &hvwesb services could be deployed anywhere in the we
locally or remotely. Currently, the orchestratioatgy the information on location of services througk
configuration file.
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5 Demonstration Process

The goal of the Automotive Demonstrator is to shw some SENSORIA techniques can be used to support
a real model-driven process with fully automatiogmtion of a web application based on the orchtisir of
services. In particular, the Automotive Demonstrashows how to build a model of orchestration and
transform models into other models and code (madetizl & model2code).

5.1 Model-Driven Development

Model-Driven Development (MDD) is a software dey@ieent methodology which focuses on creating models,
or abstractions, more close to some particular doe@ncepts rather than computing (or algorithnem)cepts.

It is meant to increase productivity by maximiziogmpatibility between systems, simplifying the @ss of
design, and promoting communication between indiaisl and teams working on the system.

A modeling paradigm for MDD is considered effectif’éés models make sense from the point of vievitef
user and can serve as a basis for implementingregstMDD gives architects the ability to define and
communicate a solution while creating artifacts thecome part of the overall solution.

Figure 15: Model-driven development process

Figure 15 shows a sample of the SENSORIA modeledridevelopment process (MDD4SOA). It consists of
the following steps:

1. At first you should build the UML model for orestration are built with the UML4SOA Profile in a
UML tool (e.g. Magicdraw, Rational Software Modeterthe Rational Software Architecture).

2. The orchestration model is transformed to arrrabSBPEL process and a set of WSDL files with a
corresponding function of the MDD4SOA Eclipse ping-

3. The abstract BPEL process and the WSDL filestemesformed to executable BPEL process and
WSDL files, i.e. the BPEL process is executablenvaib ActiveBPEL engine. The transformation is
performed with the corresponding function of the MESOA_Extension.

4. The executable BPEL process and the WSDL fileslaployed to a web server (e.g. Tomcat).

If all web services invoked by the orchestratioa already implemented and available, the wholeicgun
can be run immediately. If there are some web sesvstill not implemented, these web services havse
implemented with the specification of the WSDL gexted by the model transformation.

After the model transformation and deployment oplegations have been executed successfully, the web
server can be started. Then the server applicaiomseady for client request. If the orchestratioodel is
changed, the whole process should be run again.
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5.2 Building UML4SOA Orchestration Model

The UML4SOA orchestration model can be built withUML tool (e.g. Magicdraw, Rational Software

Modeler or the Rational Software Architecture). &efstarting to build a model, the UML4SOA profiteust

be installed in the UML tool (details see: httpWWw.mdd4soa.eu/web/wiki/InstallUseProfile). Then the
specific UML4ASOA model elements can be used to madeactivity diagram representing an orchestration
model.

Once the model is complete, export the model to UN#s (EMF UML2 (v2.x) XMl files) like it is showrin

Figure 16. The exported UML files will be used apldit files in the model transformation of the MDIS
plug-in. Figure 16 is the activity diagram of a seqtial composition of services (first variant afr gcenario).
We used the MagicDraw. Tool.
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Figure 16: Activity diagram of the orchestration

Figure 17: Sequence Activity diagram of the orchesttion

5.3 Transformation Chain

Once the orchestration has been modeled, thennitbeatransformed step by step to an executable BPEL
process and deployed to the web server. The basatiéns of the transformation between differentdeie

and the function of deployment are available agpgelplug-in functions of the MDD4SOA in the SDEese
functions can be orchestrated manually or with loélfhe graphical tool chain editor of SDE or ascapt. The
advantage of the script or the graphic represemtadf the tool chain is an easy execution of theoleh
development process.

One of the main aims of the SDE is the enablingrohestration of tools. As tools can be discoversidg the
SENSORIA core and their interface functions, ortta¢i®n can be provided by arbitrary tools on tdphos
service layer. The SDE provides three options fohestrating tools:
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SENSORIA Shell provided within the core is a manual orchestratdiictv provides such an
orchestration mechanism as a UNIX-like shell whk tdditional ability to store, load, and execute
scripts.

SENSORIA Scripts are written in JavaScript and executed without petarization. In order to
create new tools, SENSORIA Tool Scriptgy be written which contain JavaScript functioAiier
converting them to tools, they can be used as #wer ¢ool through the tool browser.

Graphical Orchestrations (Tool Chain) is a graphical editor. It allows to write datawem activity
diagrams. Such orchestrations are again tools thleas

In all orchestrations, the SENSORIA core can bessed directly; thus any tool can be retrieved ftioencore
and its interface functions executed. In this destration the graphical orchestrations tool chaiti e
applied. Further information can be found at th€eSIitorial (http://svn.pst.ifi.Imu.de/trac/sct/wiKutorial).

5.3.1 Orchestration of Eclipse Plug-in Functions v SDE Graphical Orchestrations

Figure 18 shows how to create a graphical orchigmtragod file): File > New > Other> Sensoria
Development > Sensoria SDE Graphical Orchestration

Figure 18: Creating a graphical orchestration (.godile)

The canvas of the editor corresponds to a newttobk created in the SDE. As each tool can comtaittiple
functions, a function needs to be added first. ®®d, click on Function in the palette on the rigand side,
and click onto the canvas to create a new functidfeme it appropriately, for example
convert2ActiveBPELandWSDL.

Now, tool functions can be dragged into the nevcfiom as appropriate from the palette on the rlgntd side,
which contains all executable function of all iritgtd tools. Additionally, the following Meta-tootsan be used:

Use Link to model data flow from an output of adtion to the input of another
Use Input Pin to add an input parameter to a foncti

Use Output Pin to add an output parameter to aifumc
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An example of a complete script is shown in Figl@e

Figure 19: Chain tool script demochain.god

In the Demonstrator the following transformationdl we done. The following five functions of SDE Wwbe
orchestrated.

Two functions under “Converter UML4SOA to BPEL / WSDL

1. loadSingleActivityFromUMLModel: transforms UML2odels to the Intermediate Orchestration
Model (IOM)

Input: model (IFile of uml model)
Output: activity (Activity of IOM)
2. convertToBPELandWSDLPath: transform IOM to adstBPEL / WSDL
Input: activity (Activity of IOM)
Output: absolute file path of the generated BPEL file.

Three functions under “BPEL2ActiveBPEL/WSDL Converter and Deploymént

1. convert2ActiveBPELandWSDL: transform abstracEBP WSDL toexecutable BPEL / WSDL
Input: inputFilePath (the absolute file path of inputtedst BPEL file)

016004 (Sensoria) 34



Automotive Case Study: On Road Assistance Demaost(attorial) 15.2.2010

Input: outputFileDir (the absolute file path of the outplirectory for executable
BPEL/WSDL files)

Input: configFilePath (the absolute file path of configtion file)
Output: absolute file path of the generated BPEL file.

2. convert2InteractiveBPELandWSDL: transform BPEBlirteractive BPEL
Input: inputFilePath (the absolute file path of input BHite)

Input: outputFileDir (the absolute file path of the outpirectory for generated
BPEL/WSDL files)

Input: configFilePath (the absolute file path of configion file)
Output: absolute file path of the generated BPEL file.
3. deployToTomcat: deploy to tomcat web server
Input: bpelDir (the absolute file path of the root dimgtof the BPEL/WSDL files)
Input: configFilePath (the absolute file path of confighion file)

Output: message of deployment

Transformer process: UML model Intermediate Orchestration Model (IOM) abstract BPEL/WSDL
for ActiveBPEL engine executable BPEL/WSDL interactive BPEL deploy to Tomcat

Name of function Goal of function

loadSingleActivityFromUMLModel| UML model Intermediate Orchestration Model (IOM)

convertToBPELandWSDLPath Intermediate Orchestratloael (IOM) abstract BPEL/WSDL

convert2ActiveBPELandWSDL abstract BPEL /WSDL for ActiveBPEL engine executable
BPEL/WSDL

convert2interactiveBPELandWSDL ActiveBPEL engine@&xtable BPEL / WSDL interactive BPEL

deployToTomcat interactive BPELdeploy to Tomcat

Table 7: Functions for building a tool chain

These five tool functions can be used for dragggdito the tool chain.

outermost function as shown in Figure 20. In additiFigure 20 indicates how to set the parameteosder to
run a tool function.
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Figure 20: Set arguments of functions

Select a parameter and click “change”. You canttsetparameter from string, blackboard or file ie tihew
windows. If you want to set a parameter from filgu should select a file type (e.g. java file objec
IFile/lcontainer or absolute file system path) aolick “browser” to select a file. Ghange From
file Browserin Figure 20)

In this case you should set the following threeapsaters:
model:Eclipse IResource object (IFile/Icontainer) ofldML file
outputDir. absolute file system path for output directory

config: absolute file system path of configure file

5.3.2 Result of the transformation

Figure 21 shows the BPEL process of the first vdriaf the “On Road Assistance” scenario, which is
executable in an ActiveBPEL. The process is a setpl&eomposition of services.
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Figure 21: In ActiveBPEL engine executable BPEL proess of scenario of Figure 16
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Figure 22 shows the BPEL process enriched withractéeve elements. Before every invoke activity eeiee
activity has been automatically inserted. Afterrgviavoke activity an assign activity and a repbtieity have
been inserted. This process is also executable AcveBPEL engine.

Figure 22: Interactive BPEL process of scenario dfigure 16
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5.4 Run Deployed Application

If the BPEL process was already deployed in webesethe web server can be started. AfterwardSBfPEL
process will be available as a web service. ThelBpfacess can be invoked as any standard web seniib
AXis.

In the Automotive Demonstrator the client useswieb interface in their web browser to run the aggtion.

The user fills-in the form and press the buttoratSService” to send an http-request to server.

The server gets the request and redirects the setpu¥iewManager.

ViewMagager parses the request and builds the paessnfor next service invoke and calls the BPEL
process.

The BPEL process starts and invokes the web sergsemodeled in the orchestration. Result is gent t
the ViewManager.

The ViewManager builds a web page according theselts and sends the web page to client.

Figure 23 shows the start page of the demonstration

Figure 23: Start page of the demonstration
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According to the workflow of the orchestration afrescenario of Figure 16, the PositionService aststl in
the first step. The current location of the casli®wn in the map of Figure 24. The next step ifirnd the
garage nearby the car according to the workflowrohestration.

D

Figure 24: Car location

In this step a list of garages are found by thedGarageService and shown in the map of Figure 2&. T

garages are marked in the map. According to théfleav of orchestration in scenario of Figure 16 thext
step is to find best garage.
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D

Figure 25: Find Garage
In this step the best garage is found by Selectfe&ervice and shown in the map of Figure 26. Adogrtb
the workflow of orchestration in the scenario ofilie 16 the next step is to a find rental car atati

Figure 26: Find best garage
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In this step a list of rental car stations is folnydFindRentalStationService and shown in the nidfigure 27.
According to the workflow of orchestration in theesario of Figure 16 the next step is to find tlesthrental
car station.

Figure 27: Find rental car station

In this step the best rental car station is foupdblectBestRentalCarService and shown in the rdigare

28. According to the workflow of orchestration letscenario of Figure 16 the next step is to chtrgeredit
card.
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Figure 28: Best rental car station

In this step the services will be paid with cregditd as shown in Figure 29. This is the last sfeapescenario
according to the workflow of orchestration of Figu6.

Figure 29: Payment with credit card

5.5 Running the Demonstrator after Modifying the UML4SOA Model

If you want to change your business logic, you change the UML4SOA model and run the transformation
process with tool chain function in last sectiate(flemochain.god) again.

In this demonstration we change the sequence madgeevious scenario to a parallel process fersébcond
variant of the scenario. In the first scenariodbker pays the credit in the last step after thegusf all services.
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In the current scenario the user must pay the tcegdirst, and then uses the services. In thé $icenario the
services are invoked one by one sequentially. énstttond the services “findGarage” and “findRertigai&Gn”

are invoked in parallel. The results of both sersiovould be shown in the same view. The services
“selectBestGarage” and “SelectBestRentalCar” vidbae invoked in parallel.

Figure 30 shows the modified parallel UML modekoénario of Figure 30:

Figure 30: Activity diagram of the orchestration for parallel scenario
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After the modification of the UML model you havedgport it as UML file and run the tool functiontime file
tool chain to transfer the model. The following tWBPEL process are obtained as results of the
transformations.

Figure 31 shows the parallel BPEL process of tltersé scenario without user interaction. This BPEhcpss
is executable in ActiveBPEL engine. If the BPEL giss is started, the process will be executed witho
interruption until the end.

Figure 31: BPEL process of scenario of Figure 30

Figure 32 shows the BPEL process of the parallehado of Figure 30. This BPEL process is able to
interactively communicate with the client. In compan with the BPEL process of the scenario of Fegle,
the BPEL process of Figure 30 has a receive agtingerted before each invoke activity. After eathoke
activity an assign and a reply activity has beeeiited. If the BPEL process is invoked, the proeélsvait at

the receive activity for user input and send ttseilts to the user at a reply activity.
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Figure 32: Interactive BPEL process of scenario dfigure 30
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If the interactive BPEL process is successfullyldgged to a web server, the server application castarted
through the web server. The user will fill-in therrh and press “Start Service” in Figure 33 to starvice
request in the web browser (e.g. Firefox or InteEwplore).

Figure 33: Start page

According to the workflow of orchestration in theesario of Figure 30 the service “ChargeCreditStarted in

the first step. The user must fill-in the creditdcénformation to guarantee the payment as showfigare 34
before using other services.

Figure 34: Payment with credit card

016004 (Sensoria) 47



Automotive Case Study: On Road Assistance Demaost(attorial) 15.2.2010

If the credit card is accepted, the Figure 35 Wwél shown. According to the workflow of orchestratim
scenario of Figure 30 the next step is to findaheent location of the car.

=

Figure 35: Result of payment

In this step the current location of the car isnfduby getPositionService and shown in the map gfifel 36.
According to the workflow of orchestration of theegario of Figure 30 the next step is to find gasagnd
rental car stations in parallel.

Figure 36: Location service
In this step the FindGarageService and FindRentdraice is invoked in parallel in the BPEL proceble

results of both services are shown in Figure 3tofding to the workflow of orchestration in the sago of
Figure 30 the next step is to find the best gaeagkthe best rental car station in parallel.
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Figure 37: Find service providers

In this step the FindBestGarageService and FindBxgalcarService is invoked in parallel in the BPEL
process. The results of both services are showigure 38. This is the last step of the scenari&igtire 30
according to the workflow of orchestration.

Figure 38: Find best provider
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6 Lessons Learned and Future Work

The Automotive Demonstrator implemented so far snaplified version of theOn Road Assistancgcenario

of the Automotive Case Studidowever, it is used to demonstrate the SENSORBdehdriven approach,
which makes use of models built with the UML4SOAemsion for service-oriented software and a set of
model-transformations defined within the contexttef SENSORIA project which allows automatic getiera

of web service applications.

Many extensions and improvements of this Automobegnonstrator are possible. On the one hand, exignd
the functionality of the Demonstrator with additidrfeatures of the automotive scenario since theent
version is the result of the first step an incretakand iterative development process. On the oftlagd,
improving the development with early analysis, ddrich different SENSORIA analysis tools that aneatly
integrated in the SDE, can be used, such as W3Eegor PEPA.
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Appendix

A.1  Configuration of MDD4SOA _Extension plug-in projects

All Configuration of Plug-in Project

MDD4SOA_Extension is an Eclipse plug-in. So an jig#i Plug-in project should be created. At firstropiee
plug-in .xml file in the perspective (plug-in despment) in eclipse. Then open the tab (Dependenaiesadd
all other depended eclipse plug-ins like in FigB®e

Figure 39: Configure dependences
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Click the tab (Runtime) and specify the librariesl dolders that constitute the plug-in classpatistaswvn in
Figure 40. If it is unspecified, the classes armbuoeces are assumed to be at the root of the plug-i

Figure 40: Specify the libraries and folders that onstitute the plug-in classpath

Click the tab (Build) and select the folders andsfito include in the binary build. Select the &kland files to
include in the binary build as shown in Figure 41.

Figure 41: Select folders for build
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To test and debug the plug-in, you can click the(verview), then test this plug-in by launchingeparate
Eclipse application. For debug you can launch dip&e application in Debug mode as shown in Figite

S
>

Figure 42: Testing and debug

Al2 Configuration of feature project

Create a feature project for above plug-in projéttiirst open the feature.xml file in the perspeet(Plug-in

development) in eclipse. Then open the tab (Overviend set the same version as the plug-in pr@sct
shown in Figure 43.
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>

Figure 43: Feature project

A.13 Configuration of Update Site Project

Create an update site project for above feature@ras shown in Figure 44.

Figure 44: Create update site project
Select “Generate a web page listing all availab&ures within the site” as shown in Figure 45.
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Figure 45: Create update site project with web resarces
At first open the site.xml file in the perspectipdug-in development) in eclipse. Then open the(@berview)
and set the same version as the plug-in projeshawn in Figure 46.

O

Figure 46: Update Site Map
If the version of plug-in project change, the vensof feature and update site project must alschb@ged.
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A.2 Deploy a Web Service with Eclipse Web Developédiools

You can publish you java class as a web service ti Eclipse Web Develop Tools. At first the jalass file
should be selected. Then right click the mousesatetct “Create Web Service” of “Web Services”.

Java class right click Web Services create web service as shown in Figure 47:

Figure 47: Create web service

After the click a wizard will be opened as followirscreenshot. Then you can set the configuratiorihie
web service. The web server could be specifiedhi;jmdemonstration Tomcat v5.5 server should becsad
(Server: Tomcat v5.5 server). After that eclips# @éploy the web service automatically to tomcatsvserver.

The checkbox of “Publish the Web service” shoukbdle selected like below as shown in Figure 48.
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Figure 48: Publish web service

After the configuration you should click “next” hiah to continue the next wizard.

>

Figure 49: Select methods of web service
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Select to deployed methods, then click “finish”tbatto finish the publication wizard of web servieee shown
in Figure 49.

Select Use Tomcat installation as shown in Fig@éosdeploy Web Projects to Tomcat in Eclipse.

Figure 50: Server location
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