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Executive Summary

Web services were introduced to support application-fgiegtion communication
over the Internet. These services provide standardisedéces and are ignorant to-
wards protocols in order to allow services from a varietyalfiion providers to inter-
act. Various approaches to Web service composition have jpegposed to facilitate
the interaction between a set of Web services fulfilling a plexgoal. These service
compositions accept invocations from clients, coorditiaeinvocations of the neces-
sary Web services and return the results to the clients. TgigaDBusiness Ecosystem
(DBE) project specifies an architecture for enabling si@aihedium sized enterprises
(SMEs) to define, provide and consume Internet-based asgervices, such as an
online booking service. It enables service providers tater@and advertise business
services so that service consumers can discover and use them

In this scenario, Web service compositions suffer from twajanproblems: they
depend on the availability of the individual Web serviced #reir correct behaviour,
and they lack the flexibility to replace a failed Web servigdna redundant alternative.
In a world of SMEs, the availability of services cannot berguréeed for a long period
of time and the DBE architecture needs to address thesesid$wae of these services
is not available or fails during execution, the architeetneeds to be able to dynam-
ically switch to alternative Web services that provide gglént functionality. These
problems escalate with the introduction of service contjm® because the replace-
ment of a service composition with an alternative compaosiis a not well understood
issue with few proposed solutions.

In order to address this issue, we propose a coordinatisitearomposition archi-
tecture that offers service instance and service compadiiilure resilience through
the ranking of available service compositions and the doatibn of these compo-
sitions. This is achieved through the introduction and rfication of a number of
specific components in the DBE architecture.

This deliverable explains the design and implementaticgh®@toordination service
composition architecture and presents an evaluation cdrtidtecture against a set of
scenarios.
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Chapter 1

Introduction

This deliverable presents an architecture for coordigasiervice compositions in a
Digital Business Ecosyste(@BE). It supports the provision of more reliable and fail-
ure resilient service compositions to service consumexns tton-coordinated service
compositions. This chapter motivates the work, introdubesconcepts of the DBE
and service compositions and presents the scope of thiedatie.

1.1 Motivation

1.1.1 Digital Business Ecosystem

As the importance of using Internet-based business sariioeeases steadily, more
and moresmall-to-medium sized enterprig@MES) start to realise the advantages that
the Internet can offer them. The Internet can be consideredaof the least expensive
ways to market products globally and all sites on the Inteame considered to be
equal [54], enabling SMEs to compete with larger enterpristowever, SMEs suffer
from disadvantages in connection with their size when it esrto human resources
and financing technical equipment, software and expe@fen, these disadvantages
undermine their ability to compete with larger enterprigey.

As SMEs become increasingly important for their shares iplegment and busi-
ness turnover to Europe’s economy [14], theropean Union(EUV) initiates research
projects such as the DBE [18] project to strengthen and stifp@SME industry. The
DBE is an open-source distributed environment, in whickrimt-based business ser-
vices can be designed, provided and consumed. The DBE arsdyldce providers to
create and advertise business services so that servicermernscan discover and use
them. The target-clientele of the DBE are SMEs that migheHaw Information and
Communication TechnologyCT) access, such as non-permanent or low-bandwidth
Internet connections.

This has the following implications on the design and sutebf services for the
DBE. Firstly, the DBE cannot assume that services remaiitedola over a long period
of time. Services might become temporarily unavailable @uprovider restrictions,
for example, services might be made available during bssiheurs only, or due to
network or host failures. As indicated by Papazoglou [4é}vige failures are an
important aspect to be considered especially for SMEs tvapete with larger enter-
prises. The issue of service availability increases withubage of compositions of

D17.4 The Automatic Composer 13/116
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services, as service compositions depend on a number of sghdces during their
execution. A single service failure can lead to a compldtartaof a service compo-
sition, lessening the reputation of a service provider andrdshing the confidence
of service consumers to the extent of putting a service gevout of the business
market. Therefore, from a service provider's perspecteeyice reliability and failure
resilience are two of the most important aspects that musbbsidered.

“Any downtime of key e-business systems has a negative itgabusi-
ness to the extent of throwing you out of the market.”[44]

Secondly, in order to compete with larger enterprises, Skilst be able to use the
technology provided within the DBE easily and at a low coshergfore, the DBE

project will be released as an open-source and standasdsttenvironment, which
implies that only open-source technologies may be used xisting standards must
be used (extended) where possible. Ease of use is anothertampcharacteristic for
the design of services in the DBE as it cannot be assumed MBEs $iave a deep
technical knowledge.

Finally, the DBE is based on a peer-to-peer environmentdwibdute core services
of the DBE, such as services that store or replicate dataiataespeers that are well-
connected, have high bandwidth and processing power [4Bis dpproach enables
SMEs with a low ICT access to participate in activities of DBE as they are not
required to run core services. However, SMEs that want &r afrvices to consumers
must either run a set of DBE specific services locally on theiwork, which might
pose problems to SMEs with a low ICT access, or find anotheicgeprovider that
hosts their service.

1.1.2 Composing Web Services

In recent years, the area of Web service composition agilatiuch interest from in-
dustry as well as from academia. This interest originatesfthe increased usage
of business services over the Internet, which opens up nstassfor long-running
business-to-business interactions and transactions &fher then writing new and
more complex services from scratch, Web service compasitims at combining ex-
isting services into new services. This approach follows ohthe main concepts of
software development:

“Good programmers know what to write. Great ones know whegwaite
(and reuse).” [47]

Web services support simple interactions, using standasbages and protocols and
are essentially stateless in between operations, excephdostate between sending
and receiving a message [55]. In order to support long4diviasiness processes and
transactions, it is essential to have a process model tlegifgs the order in which
operations execute and keeps the state to determine thetapxh a business process
[55]. This requirement triggered the evolvement of seremeposition languages such
as theBusiness Process Execution Language for Web Ser{B¢dsL) [5], theBusiness
Process Modelling LanguadBPML) [33], Web Services for Business Process Design
(XLANG) [53] and theWeb Services Flow Language¥/SFL) [13]. BPEL, itself a
combination of its predecessors XLANG and WSFL, is likelyetoerge as a widely
accepted standard for defining executable business pexésshe industry and is
currently in the process of being standardised. As illssttéan Figure 1.1, BPEL adds
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a service composition layer on top of Web services standsuds asWeb Services
Description Languag€éWSDL) [8] andSimple Object Access Protod@OAP) [55],
while offering a WSDL interface to service consumers.

Web Services Composition

| BPEL (Business Process Execution Language for Web Services)

Service Description Layer

| WSDL (Web Services Description Language) |

XML Messaging Layer
| SOAP (Simple Object Access Protocol) |

Transport Layer
|HTTP| | FTP | |SMTP|

Figure 1.1: Overview of Web services technology

BPEL defines a process-centric model for the formal spetidicaf the behaviour
of business processes based on the interaction of an ekérptacess with its part-
ners [50], exchanged messages, fault and compensatiotifganachanisms [63]. A
BPEL process both provides and uses more than one WSDL sdBb¢, which are
also called partners. A WSDL service is defined by abstradtcamcrete definition
parts [41]. The abstract part describes ports that offeratjpms 6ervice typeswhile
the concrete part defines binding and endpoint informatfoa service gervice in-
stancd. In order to provide a composite service, a BPEL processitipe the order
in which the operations execute [55]. Activities are usedttacture a BPEL process
and to determine the next activity that must be executed.stdte of a BPEL process
is stored in variables, which are essentially containersforing values that can be
accessed and modified using XPath [62] expressions.

A BPEL process becomes executable when it is deployed on 4 BREkflow
engine, such as the ActiveBPEL engine [2]. Although a BPEhcpss knows only
of partners and is unaware of the underlying dependency ncrete WSDL bindings
and endpoints, these are required by workflow engines abgeygnt time [10]. A
workflow engine exposes a deployed BPEL process as a cowi®H. interface to
service consumers.

BPEL defines the combination éfaul t Handl er s and aconpensat i onHandl er

to catch failures and compensate finished activities wighiransaction scope. How-
ever, this failure handling assures that a BPEL service asitipn can finish process-
ing gracefully, compensating or cancelling any transastioRather than returning a
failure message to a service consumer, alternative serfacehe failed service com-
position should either be offered to a service consumereced automatically where
possible.
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1.1.3 Coordinating Web Service Compositions

Service compositions can be composed of several serviteshwnight be deployed
locally on the same machine or externally anywhere on thermet. If not all used
services are available to a service composition at run-timl fail. However, the
availability of services in the DBE cannot be guaranteedlainaes. In order to pro-
vide service compositions that are failure resilient arfdrdfigh service composition
reliability in the DBE, it is essential to enable automatd-bver and execution of al-
ternative service compositions at run-time. The procestepfoying, executing and
replacing alternative service compositions is called dowating Web service compo-
sitions. A list of requirements can be compiled that dictatedesign of an architecture
for coordinating service compositions in the DBE. The regments cover three areas:

1. The architecture must be open-source and standardd-basause the DBE is
an open-source environment.

2. If more than one service composition offering equivafenttionality is avail-
able, the architecture must delegate a service consuregests to the highest
ranked service composition based on Quality of Service JQuBrmation for
the service compositions.

3. The architecture must offer advanced failure handlirdysmitch automatically
to alternative service compositions. This is one of the nrabuirements as
services are likely to fail within the DBE, leading to theltme of a service
composition otherwise.

4. Ease of use for consumers is another important requireiméime sense that a
consumer remains unaware of the architecture.

1.2 Contributions

Within the context of this deliverable, an architecture tiee coordination of service
compositions in the DBE was designed and implemented ttzedtles service providers
to achieve higher service composition reliability, faduesilience and ease of use for
service consumers compared to individual service comipasit A service composi-
tion approach in the DBE must be open-source and standaskdbAt the same time,
the issue of constantly changing service availability imith DBE must be taken into
account when designing service compositions.

The main contribution of this deliverable is the design andlementation of @o-
ordination architecture A service provider may supply several service composition
that offer equivalent functionality to service consumeus &re structured differently
and use different services within their composition. Iadtef deploying and adver-
tising each service composition individually, the cooatian architecture enables a
service provider to make a set of service compositions wimgle entry point avail-
able to service consumers. This structure creates a redaydéservice compositions
that can be used to ranked the service compositions andelto®kighest ranked one.
Another advantage is that a failure in a selected serviceposition can be handled
and another service composition can be chosen as a replateme

The coordination architecture introduces the followingchemisms and features:
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e Coordinator:
One mechanism that the coordination architecture intresliscthecoordinator.
The coordinator is a service composition that coordinatiesrcservice compo-
sitions that are deployed locally on the same machine. Allise compositions
offer equivalent functionality while using different sé®s within their service
compositions. The coordinator acts as the interactiontdomna service con-
sumer. Upon receiving a request from a service consumercabedinator de-
cides at runtime which service composition is the highesked one that will
be used to execute the request. The service consumer'sstas|tieen delegated
to the selected service composition, which starts exegutie request. If the
coordinator detects that the selected service compositisriailed, the failure is
caught and handled. The coordinator determines the nelxeékiganked service
composition and redirects the service consumer’s reqaékis service compo-
sition.

e Ranking Service:

A feature that the coordination architecture introducethésRanking Service

The Ranking Service has access to QoS information for sswitthin the DBE,

such as failure and performance history of a service thabeansed to create
a ranking of available and equivalent services. The Rangnyice is used for
two tasks. Firstly, the coordinator instructs the Rankiegvie to retrieve the
highest ranked service out of a given set of services. Ségothe Ranking

Service is used to update the QoS information about a seimi@xample after

being informed about a service failure by the coordinator.

¢ Failure Handling:

The coordination architecture offers a two-step failunedimmg mechanism. Ser-
vices within the DBE are identified by a unique identifier aneit endpoint in-
formation is retrieved dynamically at run-time from a distited lookup service.
If more then one service instance implements the same segpe it can reuse
this identifier. Therefore, at run-time there might be saleervice instances
available for the same service type, which enable a fai-tw@nother service
instance. If this failure handling fails, the coordinatiarthitecture defines the
coordinator for providing a second failure handling medsiarthat enables fail-
over to another service composition. The usage of reduralahtreplaceable
service compositions increases the chance that one sexviggosition will fin-
ish executing a service consumer’s request.

An implementation of this architecture for coordinatingEBPservice compositions
has been evaluated using a coordinator that coordinate8fg service composi-
tions, which all depend on three individual services. Therdmator and each individ-
ual BPEL service composition are tested for their failusdlience and service compo-
sition reliability at different failure rates (5%, 10%, 208ad 40%) for the individual
services. Five clients are sending request to a tested cgitigpoconcurrently in order
to test a compositions realistically. This evaluation dasimates that the coodination
architecture achieves a higher service composition riéitialand failure resilience,
while leaving consumers unaware of the coordination agchite.

D17.4 The Automatic Composer 17/116



DBE Project (Contractt507953)

1.3 Scope

The focus of this deliverable is to present an architectoréfe coordination of BPEL

service compositions in a DBE. Security and permissioneisare important for an
environment such as the DBE. However, they are consideteel beyond the scope of
this deliverable.

1.4 Roadmap

The remainder of this deliverable is structured as follo@sapter 2 introduces the ter-
minology and characteristics of service compositions arrdequently reviews work
related to this deliverable. Chapter 3 describes the dedigime architecture for co-

ordinating BPEL service compositions in a DBE. Chapter 4enés a prototypical

implementation of the architecture. In chapter 5, an evalnaf the prototype is pre-

sented. Finally, chapter 6 concludes this deliverable bygrsarising the presented
work and outlining issues that remain open for future work.
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Chapter 2

Background and Related Work

This chapter establishes the foundation of the deliveralilntroduces background
work on the DBE project and Web service compositions. Thhitecture of the DBE

is presented followed by the introduction to deployment ardcution of services.
The service composition problem and current solutions ssche BPEL and OWL-S.
Related work with an emphasis on BPEL is discussed and a asuopdhat identifies

limitations within existing work is provided.

2.1 Digital Business Ecosystem (DBE)

This section gives an overview of the DBE project, its amttiire and introduces im-
portant components that will be reused or extended in thigiekapter for coordinat-
ing BPEL compositions. The following subsection present®werview of the DBE
architecture. The second and third subsections introdhécgdployment and execution
of DBE services respectively.

2.1.1 DBE Overview

SMEs become increasingly important for their shares in egnpent and turnover to
European countries [14]. The problem of SMEs to compete \aither enterprises due
to financial and technical disadvantages [54] created theadd within the European
Union to enable SMEs competing at high-level no matter howllsor remote their

business is. Therefore, the European Commission’s 6th éwank Programme for
research and development in Information Society Technedogupported work on a
DBE, the DBE project. The DBE provides an open-source enwirent for Internet-

based business services with the target clientele of SMé&sntight only have low

a Information and Communication Technology (ICT) acceshe DBE enables the
design, composition, advertisement and consumptionssifnbss services.

2.1.2 DBE Architecture

The DBE architecture consists of three distinct environistethe Service Factory
(SF), the Execution Environment (EXE) and the Evolutioramyironment (EVE) [32].
These environments and their core components are depitkadure 2.1.

D17.4 The Automatic Composer 19/116



DBE Project (Contractt507953)

Service Factory Execution FADA
Environment (ExE)
DBE Studio _ _(Eg)_r_egés_t_e_r_:‘ Proxy
Servent Proxy
- . A
DBE Service Exporter daplc}y | | ___retrieve ___1
Tools [ ___ Tool sprvice Proxy
export 00! TTr---"° >

>
‘ I B DBE Service
CLE service

1

i Recommender [~—~~-=F quest_ 1 Evolutionary

) R bt Environment (EVE)
1

1

1

1

1

1

1

Knowledge Base query
SR

register service Semantic | _[____
Iessssosssssosossssoos -~ ~>| Registry

Figure 2.1: DBE architecture

The SF is used for the creation and advertisement of businedsls, service mod-
els and ontologies. The EXE is the deployment and executienomnment for services
in the DBE with the Servent as the application server [20]e BEvE is an long-term
experimental environment that is used to store serviceaiaad performance history
from the SF and EXxE.

A main component of the SF is the DBE Studio [19]. The DBE Siuslian open-
source development environment for the DBE that providedlaction of DBE service
tools and an Exporter Tool (ET). The DBE service tools canseluo analyse and de-
fine service models and create DBE services. A DBE servicggigted and published
to the EXE using the ET. Part of the DBE service tools is the @msition Language
Editor (CLE). The CLE provides a set of editors and wizards ttan for example be
used to discover and select available services from the &@&@rReqistry for inclu-
sion in the BPEL service composition. If several equivamvices are available, the
Recommender can be used to give recommendations of sef8itlesThe Semantic
Registry is part of the Knowledge Base that is used to stostbas models, service
models and ontologies [29].

In the EXE, services are deployed to a Servent instance. €he& registers a
service’s Proxy with FADA(Federated Advanced Directory Architectufg2]. FADA
is a distributed lookup service currently used in the ExEe @aployment and execution
of DBE services is explained in more detail in the followirggons. The Servent also
provides a set of structural features including authetitinaauthorisation, accounting,
privacy and transactions but these are not relevant to gligadable.

2.1.3 Deployment and Advertisement of Services

describes the creation, deployment and adesréist of a DBE service. A
service provider uses the tools of the DBE Studio to creatdB& Bervice. A new

DBE service is registered in the Semantic Registry. On tegigy a DBE service in

the Semantic Registry for the first time, a service provigeeives a unique identifier
(SMID) from the Semantic Registry. The SMID is used by a saryirovider to register
the service in FADA.
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Figure 2.2: Deployment and advertisement of a service in DBE

A service provider uses the ET to deploy a DBE service to ae3grinstance. A
DBE service consists of a service implementation and a gepgot descriptor. A DBE
service must implement an adapter interface that the Semges to deploy and unde-
ploy a service, theor g. dbe. servent . Adapt er interface shown in Listing 2.1.
The Serventcalls thé ni t () method at deploy-time and theéest r oy() method
at undeploy-time.

Listing 2.1: Adapter interface

public interface org.dbe.servent.Adapter
{

1
2
3 void init (ServiceContext context);
4+ void destroy ();

5

}

The deployment descriptor contains information aboutémeise such as its SMID
and the service adapter implementation. A minimal versfandeployment descriptor
for a DBE service is depicted jin Listing 2.2:

Listing 2.2: Content of a minimal deployment descriptor

1 <deploymentProperties >

2 <servicelnfo >

3 <serviceName >MyName </serviceName >

4 <smid>my-SMID</smid >

5 <adapterClass >org.dbe.service. ServiceAdapter </
adapterClass >

6 </servicelnfo >

7 </deploymentProperties >

The ET packages the service implementation in conjunctiitim the deployment de-
scriptor into a DBE archive (DAR) and hands the DAR over to 8ervent in the
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EXE. The Deployer component of a Servent instance deployBE& &ervice locally
and registers it with the Adapter. The Adapter stores a DBEc®implementation
with a key in a repository. The key is a combination of the $at\URL htt p://
host nane: 2727/ and an identifier for the service. The key is used by the Adapte
to correlate incoming requests with the correct DBE seriristance. The Deployer
then creates a Proxy for the DBE service and advertiseslitetéocal FADA instance
of the Servent. The advertisement of Proxies must be renawedjular intervals by
the Servent otherwise the Proxy will be removed from FADA.

A Proxy is a Java object that encapsulates the configuratfonation for a ser-
vice. Within this information the port-specific data, mgittie current endpoint address
and invocation protocol for a service, can be found and uséueract with a service.
Proxies are identified via the SMID of a DBE service in FADA. Are detailed de-
scription of Proxy objects is available in [15].

2.1.4 Discovery and Consumption of Services

Figure 2.3 describes the discovery and consumption of a DB#ce, shown in . A

service consumer browses the Semantic Registry for alaikdyvice types and re-
trieves the SMID of a suitable DBE service. In order to find Bmexy for the required

service, the consumer contacts a FADA node with a requetsttiméains the SMID of

the required service. Upon successful discovery, the coasdownloads the Proxy
object and invokes on it. The Proxy contains all requirediimfation, such as a GUI,
that a consumer needs to use the corresponding setrvice.

<<execution environment>>

ExE
1. find servige <<componer}t>> E] M — M
(SMID) Sem_antlc
____________ —> Registry
Service
Consumer 2. search proxy _I_
N for SMIb SFADA | | | FADA

|

I

|

|

I o T

: ————————— Prox proxy Lo J'
! l< _______________________________
|

|

| 4. invoke <<component>> <<component>>

Servent
W __________ > APA Adapter

Figure 2.3: Discovery and consumption of a service in DBE

The service consumer invokes on the downloaded Proxy anidibeation is del-
egated via thé\bstract Protocol AdaptofAPA) to the Servent. As presented in [15],
the APA provides a dynamic invocation interface that prasddose coupling between
clients and the protocol used to access a services. A Prgegtaibnfigures the APA
at invocation time with the necessary endpoint and the redunvocation protocol.
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The APA is ignorant of protocols and simply delegates theda¥ion to the respective
concrete protocol adaptor (PA) at runtime. The PA for thev&atruses object serial-
isation over HTTP to delegate the invocation to the Sergeftlapter. The Adapter
correlates a received request with the correct DBE servidalalegates the invocation
to an instance of this service. The correlation is performigd the help of a reposi-

tory that uses a key to DBE service implementation mappiihis &@nhables the Adapter
to retrieve the correct DBE service implementation. The BEvice instance finally

executes the request.

2.2 Web Service Composition

A fundamental characteristic of large computer networkshsas the Internet and cor-
porate intranets, is that they are heterogeneous [58]. €hwadd for a standardised
middleware that simplifies connecting computers with défe hardware and software
platforms, from different eras of computer history, diffat vendors and designed for
different purposes resulted in middlewares such as CORBA [However, CORBA
is mainly used on the intranet and is based on client-senteractions. The Internet
required a new approach for a middleware that enables apiplicto-application inter-
action rather than client-server integration [59, 51]. ldey to solve this problem, Web
services provide a systematic and extensible framework dnitop of existing Web
protocols and based on open XML standards|[11, 60]. Webees\d@upport simple in-
teractions, using standard messages and protocols [61}evs, they are essentially
stateless in between operations, except for the state betsending and receiving a
message [55]. In order to support long-living business @sses and transactions, it is
essential to have a process model that specifies the orddrigh wperations execute
and keeps the state to determine the next step in a busiressspi{55]. This require-
ment triggered the evolvement of service composition laggs. The research on Web
service composition is extensive and various service caitipp languages, frame-
works and architectures have been defined [17, 40]. Thecgec@mposition problem
can be partitioned into two main problem areas [3]:

1. Creating a service composition:

A service provider must first decide on the functionalityttagervice composi-
tion will offer to service consumers. The next step is to disr available service
types that provide parts of this functionality. The senpecevider then specifies
the services that are used within the composition, and tderdn which the
services must be executed to achieve the desired fundtypraifferent service
description languages, annotating services with senmaticot, and different
service composition languages are important aspectsattamdime of a service
composition.

2. Executing a service composition:
The execution of a service composition introduces new daspeche service
composition problem. The service composition must disceeevice instances
for used service types within a composition. A service failat execution time
can lead to a complete failure of a service composition. iSerdiscovery, ex-
tensive failure handling and transaction management ane smportant aspects
at execution time.

Research reveals that mainly two different approaches begg taken to standardise
and compose Web services [3, 7]. The business world focusgsaztical and exe-
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cutable solutions, seeing Web services as abstract, stiiseld interfaces to business
processes. Web services are described using WSDL, are sechpdth BPEL and
invocations are delivered via the SOAP protocol. WSDL orlgves the syntactic
specification of messages that enter or leave a web servidieation [7] while BPEL
describes the order in which such messages are to be exch@n§6]. Therefore, this
approach leads to the definition of static BPEL processesihat be declared manu-
ally [7,50]. The Semantic Web Community approaches the weeticee composition
problem from the perspective of enhancing Web services séthantic descriptions
using ontologies that are computer-interpretable. Theys@m long-term goals like
automatic discovery, composition, and execution of ses/isased on semantic Web
services|[7, 38].

BPEL has been a widely accepted as a solution for defininguaele business
processes in the industry and is currently in the processiofbstandardised. On the
other hand OWL-S is used in most semantic approaches to Weiceseomposition.
The following two sections provide an overview of the two agrhes with the em-
phasis on BPEL as it is used within this deliverable for defirservice compositions.

2.2.1 BPEL

BPEL [5, 63] emerges as the accepted standard languagefiiondesxecutable busi-
ness processes. Coauthored by BEA Systems, IBM, MicroSéfie, AG and Siebel
Systems, the latest BPEL version 1.1 that was released in2d@$ received industry-
wide support [55].

BPEL defines a process-centric model for the formal spetificaf the behaviour
of business processes based on the interactions of an akéxptocess with its part-
ners [50], exchanged messages, fault and exception hgmdéohanisms [63]. Figure 2.4
summarises the important features of the BPEL language.

. BPEL - composition
<recelve>

<sequence>

<switch> <otherwise>

<invoke> -
¢

<case>

<reply> [ Stepda ] [ Step4db ]
Exception
Roles Handling Persistence
and and and
Partners Transactions Variables

Figure 2.4: BPEL process overview
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The basic functionality of a BPEL service composition is¢oeaive requests from
service consumers, invoke a number of Web services andasgpy to the consumer.
In order to understand the details of these actions a hunfiséuctures such as WSDL
interfaces,par t ner Li nks andvari abl es are needed. We will describe these in
the following sections and then explain the individualats: r ecei ve, i nvoke
andreply.

2.2.1.1 WSDL Interface

A WSDL interface can be separated into an abstract (seryjge) tand a concrete
part (service instance) [11, 41]. The abstract service tgfiemation is defined by
nmessage and port Type elements while the concrete service instance informa-
tion is defined byser vi ce and bi ndi ng elements. Listing 2/3 depicts a sample
WSDL interface.

Listing 2.3: WSDL interface

1 <definitions xmlns="http://schemas.xmlsoap.org/wsdl/
xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/"
xmlns:xsd="http: //www.w3.0rg/2001/XMLSchema"
targetNamespace="thisns" xmlns:ns="this-ns">

<message name="bookingFault">
<part name="failureReason" type="xsd:string"/>

</message>

<message name="clientRequest">
<part name="name" type="xsd:string" />
<part name="dates" type="xsd:string" />

© ® N o o A W N

</message>

<message name="clientResponse">
10 <part name="reservationNo" type="xsd:string" />
1 <part name="successful" type="xsd:boolean" />

12 </message>
13 <portType name="ClientPT">

14 <operation name="booking" parameterOrder="bookingData

15 <input name="clientRequest" message="ns:clientRequest
/>

16 <output name="clientResponse" message="
ns:clientResponse"/>

17 <fault name="errorDuringBooking" message="
ns:bookingFault"/>

18 </operation >

19 </portType >
20 <binding name="ClientSoapBinding" type="ns:ClientPT">

2 <soap:binding style="rpc" transport="http://schemas.
xmlsoap.org/soap/ http"/>

2 <operation name="booking">

23 <soap:operation/>

24 <input>

25 <soap:body use="encoded" encodingStyle="http://
schemas.xmlsoap.org/soap/encoding /" namespace="ns
S

2 </input>

27 <output>
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28 <soap:body use="encoded" encodingStyle="http://
schemas.xmlsoap.org/soap/encoding /" namespace="ns
ll/>

29 </output>

30 </operation >

31 </binding >
32 <service name="ClientService">

33 <port name="Client" binding="ns:ClientSoapBinding ">

3 <soap:address location="http:// host:2728/actiMepel/
services/Client"/>

35 </port>

36 </service >
37 </definitions >

The abstract service information contains the descriptfomessages that can be ex-
changed (ressage ). A port Type defines an endpoint of a Web services that
supports a collections of operations. Eagher at i on can define input, output and
fault messages. A consumer contacts@ t Type and invokes aroper ati on .

The concrete service information contains what commuitingtrotocol a con-
sumer must use to interact with the Web service (SOAP in thasngle), how infor-
mation is sent (RPC) and the endpoint of the Web servitet(p: / / host : 2728/
active-bpel/services/dient).

2.2.1.2 PartnerLinks

The part ner Li nk element describes links to services that are invoked by e p
cess as well as links to service consumers that may invokprtieess [45]. A BPEL
process may use multiple Web services each defined pgat ner Li nk element.
A BPEL process exposes a WSDL interface to service consyswghk as is shown in

Listing 2.4.

Listing 2.4: PartnerLinks in WSDL interface of BPEL process

1 <definitions >

2 <l ... —>

s <plnk:partnerLinkType name="ClientLink">
4 <plnk:role name="Client">

5 <plnk:portType name="ns:ClientPT"/>
6 </plnk:role >

7 </plnk:partnerLinkType >

s <plnk:partnerLinkType name="HotelLink">
9 <plnk:role name="Hotel">

10 <plnk:portType name="ns:HotelPT"/>
1 </plnk:role >

12 </plnk:partnerLinkType >

13 </definitions >

The example extends Listing 2.3. The twmar t ner Li nk elements represent the
interaction of the process with a service consur@ki ent and a hotel service (see

Listing 2.7 for hotel service). Within BPEL these elements @edefined as shown in

Listing 2.5.
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Listing 2.5: Example of the partnerLinks element

1 <partnerLinks >

2 <partnerLink name="Client" partnerLinkType="ns:Clielink"
3 myRole="Client"/>

4 <partnerLink name="Hotel" partnerLinkType="ns:Hotelhk"
5 partnerRole="Hotel"/>

6 </partnerLinks >

The first par t ner Li nk defines the link of the WSDL interface that a BPEL process
offers to service consumersryRol e ). Lines 4-5 define the hotel service as a link
to a part nerLi nk that might be invoked within the BPEL process, indicated by
partnerRol e.

2.2.1.3 Variables

A BPEL process stores and passes valuegani abl e elements. Avari abl e is
essentially a container for storing values that can eitagela simple structure such as
string, bool ean or i nt eger orrepresenta WSDL message. Thar i abl e
element has the subgrougsnput Vari abl e and out put Vari abl e that are
used for passing values to invocations and retrieving \gatespectively, Listing 2/6
illustrates howvar i abl e elements are defined within a BPEL process.

Listing 2.6: Defining variables in BPEL

1 <variables >

2 <variable messageType="ns:clientRequest" name="
v_clientRequest"/>

3 <variable messageType="ns:clientResponse" name="
v_clientResponse"/>

4+ <variable messageType="ns:hotelRequest" name="
v_hotelRequest"/>

s <variable messageType="ns:hotelResponse" name="
v_hotelResponse"/>

s </variables >

The vari abl es in|Listing 2.6 refer to WSDLnessages , the first two are defined
in|Listing 2.4 while the other are defined in the following ting) 2.7.

Listing 2.7: Defining example of WSDL messages and complpg fgr hotel service

1 <complexType name="BookingInformation">

2 <sequence >

3 <element name="name" type="xsd:string"/>
4 </sequence >
5
6

<sequence >
<element name="dates" type="xsd:string"/>
7 </sequence >
s </complexType >
9 <message name="hotelRequest">
1o <part name="bookingData" type="ns:Bookinglnformation*
1u </message>
12 <message name="hotelResponse ">
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13 <part name="reservationNo" type="xsd:string" />

4 <part name="successful" type="xsd:boolean" />

15 </message>

16 <portType name="HotelPT">

1w <operation name="bookHotel" parameterOrder="reservoatlo
successful">

18 <input name="hotelRequest" message="ns:hotelRequest"/

19 <output name="hotelResponse" message="ns:hotelRespbirs

20 </operation >

u </portType >

2.2.1.4 Assigning Values to Variables

The specification of BPEL requires any implementation of BR&Esupport the usage
of XPath 1.0 as the expression language [5]. The primary gaaf XPath is to

extract and modify parts of an XML document. XPath also piesibasic facilities for
manipulation of strings, numbers and booleans [62]. Thg@&isd XPath within BPEL

for assigning values to variables is shown in Listing 2.8

Listing 2.8: Assigning values to variables in BPEL

1 <assignh name="assighavalues-to—variables">

2 <copy>
3 <from part="name" variable="v_clientRequest"/>
4 <to part="bookingData" query="/bookingData/name" vabia
="v_hotelRequest"/>
</copy>
<C0py>

<from expression="true ()"/>
<to part="successful" variable="v_clientResponse"/>

© ® N o o

</copy>
0 <copy>
1 <from expression="concat(’'somdext: ',

bpws:getVariableData(’'v_hotelResponse’,
reservationNo ') )"/>
12 <to part="reservationNo" variable="v_clientResponse"/
13 </copy>
1 </assign>

In the first assignment, the parameteane of the v_cl i ent Request vari-
able in Listing 2.6 (linked tocl i ent Request WSDL message in Listing 2.4) is
copied to the complex typéooki ngDat a of the v_hot el Request variable
in (linked to hot el Request WSDL message in Listing 2.7). The
second assignment uses an XPath expression to assign tleabealuet r ue to
the parametersuccessful of the v_cli ent Response variable. Finally, a
more complex XPath expression is used to concatenatiomigixtthe output of the
reservati onNo parameter in thev_hot el Response variable and copy it to
the reservati onNo parameterinthes_cl i ent Response variable.
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2.2.1.5 Interaction with Service Consumer and Web Services

Requests from service consumers are translated by a BPEkflawerengine to a
recei ve activity, which is the entry pointto a BPEL process. Uponramotation of
arecei ve activity, a BPEL process starts executing its process. féeei ve ac-
tivity specifies the operation that a consumer has invokery.iAput values are kept in
avariable. As Listing 2.9 illustrates, theper at i on and port Type are the same
as defined in Listing 2.4 whilevar i abl e and part ner Li nk refer tg Listing 2.6

and Listing 2.5, respectively.

Listing 2.9: Receive activity in BPEL

1 <receive name="receiving" createlnstance="yes" opeoat"
booking™"
2 partnerLink="Client" portType="ns:ClientPT" variablé=
v_clientRequest"/>

I nvoke activities are used to invoke operations of external sesatefined bypar t ner Li nk
elements. As Listing 2.10 illustrates, the useger ati on and port Type are
the same as defined in Listing 2.7 whileput Var i abl e and out put Vari abl e

refer tg Listing 2.6 andpar t ner Li nk refers tg Listing 2.5.

Listing 2.10: Invoke activity in BPEL

1 <invoke name="invoking" inputVariable="v_hotelRequést
2 operation="bookHotel" outputVariable="v_hotelRespen's
3 partnerLink="Hotel" portType="ns:HotelPT"/>

Finally, a BPEL process uses thieepl y activity to complete execution and to return
any values to a service consumer.|As Listing 2.11 illusgratee usedoper at i on,
port Type and part nerLi nk are the same as for theecei ve activity. The
variable contains the reply values for a service consumer.

Listing 2.11: Reply activity in BPEL

1 <reply name="replying" operation="booking"
2 partnerLink="Client" portType="ns:ClientPT" variablé=
v_clientResponse"/>

2.2.1.6 Structuring and Controlling in a BPEL Process

The BPEL process is described sequence and f | ow elements that define se-
guential and parallel execution of activities. Decisioaneénts such aswi t ch and
whi | e can be used to control the process and determine the nextepemding on
previous results. An example ofswi t ch is given in Listing 2.12 that tests whether
the value of thev_cl i ent Response vari abl e istrue. If so, the activity within
case is executed. Itis possible to use more than arase statement. The activity
in ot herwi se is only executed if none of thease statements were true.
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Listing 2.12: Switch activity in BPEL

1 <switch name="is-booked">
> <case condition="bpws:getVariableData('v_clientResponse’,
successful ") ">
3 <l— do something—>
4 </case>
<case condition="bpws:getVariableData(’'v_hotelResponse’,
successful ") ">

6 <l— do something else —>

7 </case>

8 <otherwise >

9 <l— if none of the other casedrue, do this—>

10 </otherwise >
11 </switch>

2.2.1.7 Failure Handling in BPEL

A failure in one of the usedpar t ner Li nk elements results in partial or complete
failure of a BPEL service composition. A complete failurecors if a fundamental
part of a BPEL service composition cannot be executed. Miaitures that can be
neglected lead to a partial failure. The BPEL language sféample failure handling
within a composition so that errors during the BPEL workfloweution can be caught
and compensated. The use of ACID transactions is limitechtwt periods of time
and cannot support long-living business transactions [B#HEL introduces the con-
cept of scope, faul t Handl er and conpensat i onHandl er , to delineate
nested transactions within a BPEL process. If a failure ccwithin a scope , this
failure is caught and handled within &aul t Handl er . The faul t Handl er
callsaconpensat i onHandl er to cancel any started transactions and compensate
finished transactions within thiscope .

A faul t Handl er element can contain severalat ch blocks that describe
actions to be executed upon specific faults and @zt chAl | block that defines
default actions upon any other faults. An example cf@ope , a f aul t Handl er
and aconpensat i onHandl er is shown in Listing 2.13. If a failure occurs during
calling bookHot el , the definedf aul t Handl er will catch this failure and call
the conpensat i onHandl er to handleit.

Listing 2.13: Standard FaultHandler in BPEL

1 <scope>

2 <compensationHandler >

3 <l— compensate some activity—>

4 </compensationHandler >

s <faultHandlers >

6 <catch faultName="ns:HotelFault" faultVariable="
HotelFault">

<l— handle the fault—>
8 </catch>
9 </faultHandlers >
10 <invoke name="bookHotel" .../ >

u </scope>
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Although f aul t Handl er elements are usually used withinscope , a simple
f aul t Handl er exists for ani nvoke activity as illustrated in Listing 2.14:

Listing 2.14: FaultHandler for invoke activity in BPEL

1 <invoke name="bookHotel" ... >

2 <catch faultName="ns:HotelFault" faultVariable="HotelFault"
>

3 <l— handle HotelFault—>

4 </catch>

5 <catchAll>

6 <l— handle any other fault—>

7 </catch>

s </invoke >

2.2.1.8 The ActiveBPEL Engine

A BPEL process becomes executable when it is deployed on d BREkflow en-
gine, such as the ActiveBPEL engine [2]. The ActiveBPEL ergs an open source
implementation of a BPEL workflow engine. The ActiveBPEL amgsation has im-
plemented a pluggable workflow architecture in Java thatlig fompliant with the
BPEL specification, version 1.1 [5]. The engine runs on alsecentainer and uses the
Axis Web services container for communicating with otheb\Vgervices and clients.
It supports SOAP bindings for service invocations.

The ActiveBPEL engine is highly configurable via a configimaffile. The con-
figuration file is imported by the ActiveBPEL engine at starund can be customised.
Entries in the configuration file specify a number of factsyimanagers and handlers.
An example for a handler is theAel nvokeHandl er class that implements an
i nvoke activity. All entries in the configuration file can be exchadgr customised
without having to change any logic within the ActiveBPEL argy
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5 = g & Management Alarms \&
g_ Q v
3 a ng)_ \ Queues
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v
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Figure 2.5: ActiveBPEL engine architecture

Figure 2.5 gives an overview of the ActiveBPEL architectuiiéghe black boxes
contain the components provided by the Apache Web servethaniixis Web services
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containers. The dark grey boxes represent core comporfahts ActiveBPEL engine
that are responsible for instantiating and executing a BpEcess. The light grey
boxes represent components that are configurable and cacchanged. Finally, the
white boxes represent components that maintain persistemmation about deploy-
ment plans, state of BPEL processes, queues and alarms.

Figure 2.6 shows what happens in the ActiveBPEL engine upoeiving a Web
service request. The ActiveBPEL engine dispatches incomessages to the correct
process instance. Aecei ve activity contains correlation data if a BPEL process is
already active and waits for aepl y activity after calling ani nvoke activity on
an external Web service. In this case, the engine tries tali@@orrect instance that
matches the correlation data. If there is no correlatioa datd the request matches a
start activity, a new BPEL process instance is created.

4 Axis Service Handler Lookup Correlated 4} Queue
2 Receive Manager
= oS a_S
{% Queued
=
Web & not found found S
Service § Deployment
Request o Plan
)
o
= no
Q
(50.
= Partner ves
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Process
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Queued Dispatch Receive
Reply A to Process and
Queue Reply
L ' Receive Activity
Process
Reply Activity

Figure 2.6: ActiveBPEL request dispatch flowchart

The receive queue contains the currently executiegei ve activities across all
BPEL process instances. Aecei ve activity is said to be executing when it has been
gueued by its parent activity (for example,sxope , fl ow, or sequence ) but
has not yet received the message that it is waiting for. Tbeive queue also contains
messages that did not correlate to a waitingcei ve activity and did not corre-
spond to a start activity. An unmatched receipt of data like is possible given the
asynchronous nature of some Web services. The engine wilpathese unmatched
messages provided that they contain correlation data.€elihessages are queued until
a timeout period passes.

If a BPEL process queues an activity liker@cei ve , then this activity will stay
in the queue until the data arrives or the process terminAtB®EL process terminates
execution upon sending a finalepl y activity to the Web service consumer.
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2.2.1.9 Partner Deployment Descriptor (PDD)

The ActiveBPEL engine definepar t ner Li nk elements in a Partner Deployment
Descriptor (PDD) file. Within the PDD file, the WS-Address[B8§] elementsEndpoi nt Ref er ence
, Address and Servi ceName are used to describe the endpoint of a WSDL

service. A sample PDD file is shown/in Listing 2|15.

Listing 2.15: Partner Deployment Descriptor (PDD) for AeBBPEL engine

1 <process name="bpelns:bpeprocess" location="bpel/bpel
process.bpel" ...>
<partnerLinks >
<partnerLink name="client">
<myRole allowedRoles="" binding="RPC" service="Client"
/>
</partnerLink>
<partnerLink name="WebServicel">
<partnerRole endpointReference="static">
<wsa:EndpointReference xmlns:ws="urn:wsl">
<wsa:Address>wsl:anyURI </wsa:Address>

N

> w

© ® N o o

10 <wsa:ServiceName PortName="WPort">wsl:WebService </
wsa:ServiceName >

1 </wsa:EndpointReference >

12 </partnerRole >

13 </partnerLink>

14 <partnerLink name="WebService2">

15 <partnerRole endpointReference="static" invokeHander

"process">

16 <wsa:EndpointReference xmlns:ws="urn:ws2">

17 <wsa:Address>ws2:anyURI </wsa:Address>

18 <wsa:ServiceName PortName="WPort">ws2:WebService </
wsa:ServiceName >

19 </wsa:EndpointReference >

20 </partnerRole >

21 </partnerLink>

22
23 </partnerLinks >
24 </process >

The par t ner Li nk thatis specified in lines 3-5 is responsible for receivingguest
from a service consumer, which initiates the creation of\a BEEL process within
the ActiveBPEL engine (ryRol e ). Lines 6-13 show the definition of a standard
part ner Li nk that has an external WSDL endpoint whereas lines 14-21 dafine
part ner Li nk that refers to a locally deployed, on the same ActiveBPELireng
service. This is indicated with thenvokeHand| er =" pr ocess" statement.

2.2.1.10 BPEL Process Archive (BPR)

The BPEL Process Archive (BPR) is the packaging format theivABPEL uses for
deploying BPEL compositions to the engine. The structudisplayed in Figure 2.7.
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bpel-composition.BPR

process-description.pdd

wsdl

bpel

process-interface.wsdl

bpel-process.bpel

]

META-INF

service-1.wsdl

service-2.wsdl

service-3.wsdl

wsdlCatalog.xml

Figure 2.7: Contents of the BPEL Process Archive (BPR)

The description of the BPEL process is provided in tyeel / bpel - process.
bpel entry. AlWSDL interfaces that a BPEL service compositieesiare contained
in the wsdl folder. This folder also contains the WSDL interface that BPEL ser-
vice composition exposes to consumers, egy.ocess-i nt er f ace. wsdl . The
ActiveBPEL engine uses a WSDL catalog to find WSDL files witaiBPR, META
- I NF/ wsdl Cat al og. xm . The catalog references each of the wsdl interfaces in
the wsdl folder. The PDD file,pr ocess-descri pti on. pdd , informs the Ac-
tiveBPEL engine about the BPEL process. It also defines redyiartner links and
WSDL interfaces.

2.2.2 OWL-S

As part of the DARPA Agent Markup Language program (DAML) Semantic Web
community defines OWL-S (formerly DAML-S) [9]. OWL-S is baken the Web
Ontology Language (OWL) [16] that defines a semantic marlngliage for pub-
lishing and sharing ontologies on the Web. OWL-S presenteh ¥érvice ontology
with three interrelated sub-ontologies, known as the serprofile, service model and

service grounding (see Figure 2.8).
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Figure 2.8: OWL-S service ontology

A service profile is used to advertise what a service does. profile specifies
the inputs, outputs, preconditions and effects (IOPE) araise as well as additional
information such as the service provider, quality of semand constraints [38]. The
profile is only used to advertise a service in a registry in atiree-readable way. Once
a service is selected the profile becomes useless and casdaged#id.

A service model is used to describe how a service works vigwhe service as
a process. The process model is independent of any exedatan OWL-S dif-
ferentiates between atomic processes, simple processepaposite processes [38].
Atomic processes can be directly invoked and executed imglesinteraction. The
atomic process for the hotel service that was defined infdgs2i7 for WSDL, is shown
in|Listing 2.16. A complex type is defined in theM : Cl ass element (lines 1-4) and
all parts of the complex type are added separately withh : Dat aTypePr operty

elements (lines 5-12). The atomic process defines input atmlibparameters and
their type.

Listing 2.16: Atomic process in OWL-S for hotel service

1 <owl:Class rdf:ID="BookingInformation">
2 <rdfs:label >BookingType</rdfs:label >
<rdfs:subClassOf rdf:resource="http: //www.w3.0rg/20D/@7/
owl#Thing"/>
</owl:Class>
<owl:DatatypeProperty rdf:ID="name">
<rdfs:domain rdf:resource="#BookingInformation"/>
<rdfs:range rdf:resource="http: //ww.w3.0rg/2001/XBthema#
string"/>
</owl:DatatypeProperty >
<owl:DatatypeProperty rdf:ID="dates">
1o <rdfs:domain rdf:resource="#BookingInformation"/>
u <rdfs:range rdf:resource="http: //www.w3.0rg/2001/XBithema#
string"/>
12 </owl:DatatypeProperty >
13 <process:AtomicProcess rdf:ID="HotelService">
14 <process:haslnput>

© ~ o o »

©

)
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15 <process:lnput ref:ID="IlrbookingData">

16 <process:parameterType rdf:iresource="#
BookingInformation">

17 </process:Input >

18 </process:haslnput>
19 <process:hasOutput >

20 <process:Output ref:ID="OwreservationNo ">
21 <process:parameterType rdfiresource="&xsd;#string">
22 </process:Output >

23 </process:hasOutput >
24 <process:hasOutput >

25 <process:Output ref:ID="Owtsuccessful">
26 <process:parameterType rdfiresource="&xsd;#boolean">
27 </process:Output >

23  </process:hasOutput>
29 </process:AtomicProcess>

Composite processes are composed of atomic or other comaposcesses. The com-
position can be defined by control constructsf(-t hen- el se , sequence ,
split and join)[38].|Listing 2.17 illustrates a simple booking servicatle-
pends on two atomic processes. The depending processeslatesequentially.

Listing 2.17: Composite service in OWL-S

1 <process:CompositeProcess rdf:ID="Booking_Process">

2 <process:composedOf>

3 <process:Sequence >

4 <process:components rdf:parseType="Collection">

5 <process:AtomicProcess rdf:about="#bookFlight"/>
6 <process:AtomicProcess rdf:about="#bookHotel"/>
7 </process:components >

8 </process:Sequence >

9 </process:composedOf>

10 </process:CompositeProcess>

A simple process is an abstract process and cannot be inviikedsed to provide an
alternative view of an atomic process or an abstraction @fmaposite process. OWL-
S was designed to be agnostic with respect to a process nmdehlfsm in order to
remain compatible with emerging standards for process ttioglidike BPEL.

A service grounding specifies how a service can be accesséld i service pro-
file and service model are abstract representations anéthies grounding is respon-
sible for mapping the abstract inputs and outputs of presstssconcrete WSDL mes-
sages. Each atomic process must be provided with a sendacading. There can be
more than one grounding for a service. The advantages of QVdte the rich seman-
tics that enable automatic discovery, selection and coitippsThe WSDL grounding
for the hotel service in Listing 2.16 is defined in Listing&. Line 2 refers to the atomic
process that this grounding represents. Tgar t Type and oper ati on are de-
fined (lines 3-12), followed by mapping input and output datdVSDL nmessage
elements (lines 13-38).

Listing 2.18: WSDL grounding in OWL-S for hotel service

36/116 D17.4 The Automatic Composer



DBE Project (Contractth507953)

1 <grounding:WsdlAtomicProcessGrounding rdf:1D="
HotelServiceGrounding ">
<grounding:owlsProcess rdf:resource="#HotelService">
<grounding:wsdlOperation>
<grounding:WsdlOperationRef>
<grounding:portType >
<xsd:uriReference rdf:value="urn:hotelservice .wsdl#
HotelPortType"/>

o o A w N

7 </grounding:portType >

8 <grounding:operation>

9 <xsd:uriReference rdf:value="urn:hotelservice .wsdl#
bookHotel"/>

10 </grounding:operation>

1 </grounding:WsdlOperationRef>

12 </grounding:wsdlOperation>

13 <grounding:wsdllnputMessage rdf:resource="urn:hotelgice .
wsdl#hotelRequest"/>

12 <grounding:wsdllnput>

15 <grounding:wsdllnputMessageMap >

16 <grounding:owlsParameter rdf:resource="#mookingData"
>

17 <grounding:wsdIMessagePart >

18 <xsd:uriReference rdf:value="urn:hotelservice .wsdl#

bookingData">
19 </grounding:wsdIMessagePart >
20 </grounding:wsdlInputMessageMap >

21 </grounding:wsdllnput>

2 <grounding:wsdlOutputMessage rdf:resource="urn:hcteldvice
.wsdl#hotelResponse"/>

23 <grounding:wsdlOutput >

2 <grounding:wsdlOutputMessageMap >

25 <grounding:owlsParameter rdf:resource="#0ut
reservationNo ">

26 <grounding:wsdIMessagePart >

27 <xsd:uriReference rdf:value="urn:hotelservice .wsdl#

reservationNo ">
28 </grounding:wsdIMessagePart >
29 </grounding:wsdlOutputMessageMap >

30 </grounding:wsdlOQutput >
s <grounding:wsdlOutput >

32 <grounding:wsdlOutputMessageMap >

3 <grounding:owlsParameter rdf:resource="#0stuccessful"
>

3 <grounding:wsdIMessagePart >

35 <xsd:uriReference rdf:value="urn:hotelservice .wsdl#

successful ">
36 </grounding:wsdIMessagePart >
37 </grounding:wsdlOutputMessageMap >

38 </grounding:wsdlOutput >

9 <grounding:wsdlVersion rdf:resource="http: //www.w3rg/TR
/2001/NOTE-wsdl—20010315 ">

w0 <grounding:wsdlDocument> "urn:hotelservice .wsdll" </
grounding:wsdiDocument>

a </grounding:WsdIGrounding >
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2.2.3 Comparison of BPEL and OWL-S

While the main focus of BPEL is to provide an executable sendgomposition the
goal of OWL-S reaches much further into the intelligent antbaomous process area
[7,117].

One main disadvantage of BPEL is the dependence on statiogrts, which may
lead to complete failure of a BPEL process if a single serbeeomes unavailable.
Insufficient failure handling for an environment such as sEJ8another weak point.
However, a BPEL process is executable, meaning that coenphet open-source exe-
cution environments based on BPEL concepts exist, and BB&gives industry-wide
support.

On the other hand, OWL-S provides a more dynamic and ingzitigvay for defin-
ing service compositions. Required services are discdvataun-time rather then
specifying static endpoints. However, no complete exeautinvironment based on
OWL-S concepts exists and there is a lack of support fromstgipartners.

Both approaches have their strengths and weaknesses. Eipuwelustry-support
and an available open-source execution environment areitiefly advantages that
must be considered within a DBE as SMEs might not adopt petgry and non stan-
dardised solutions.

2.3 Related Work

There are a number of academic research and industry Edfettackle problems
concerning the dynamic and unstable availability of sexwiat execution time. This
section introduces four different approaches and comphedsfunctionality.

2.3.1 METEOR-S

The METEOR-S project [35] of the LSDIS Lab, University of Ggia, provides tools
to enable automatic service discovery and selection abgiep@nt time based on con-
straints [4], which then uses the BPWSA4J/[12] engine to exeBPEL workflows.
Service compositions are specified in BPEL but the requiret \8ervices are de-
scribed in service templates [4]. Service templates defisenaantic description of
a service [46] as well as constraints for service selectimh sis user’s preferences for
service partners, QoS requirements, and service depeirdeAn enhanced Universal
Description, Discovery and Integration (UDDI) registry[312] is queried with the ser-
vice templates for matching service descriptions [49]. dfiatg service descriptions
are further analysed if they meet the specified constrad¥ Finally the best match-
ing service is selected and with late-binding an executBBIEL process generated at
deploy-time.

METEOR-S introduces a proxy [56] to support process conditiom at both de-
ploy and run-time. Also, the proxy is used to handle data awtbpol level hetero-
geneities between used services at execution time. Eatlalpartner of a BPEL
process is represented by a proxy that has accesBrmacol Mediator aData Medi-
ator and aProcess Configuration Modulé remote call on an operation is delegated

to the correct proxy instance 2.9 illustrates.

38/116 D17.4 The Automatic Composer



DBE Project (Contractth507953)

Protocol
Mediator
Execution Engine (BPWS4J) )

:mediate protocol
operation !
= ? P o .y Process
----- --configure sexvice/ J Gonfiguration
e reconfigure Module
7

N receive

1
~ s 1
output |
1

:mediate

Linput/output

Data
Mediator

Figure 2.9: METEOR-S Proxy

A proxy uses the Process Configuration Module to retrievaildetbout the service
and configure it. It contacts the Data Mediator to mediategitien data into the re-
quired data types. The Protocol Mediator is used to ensateatkervice’s interaction
protocol is satisfied. If a service invocation fails the icalproxy initiates the recon-
figuration of the BPEL process, replacing the service thiédda The replacement is
conducted with two restrictions. As dependencies betweevices may exist, more
than one service might have to be replaced. However, sarthieed have already been
executed cannot be replaced. All proxies of a BPEL procestharefore questioned
for their state, which can bexecuti ng, success or fail ure . Waiting until
no proxy has the state executing, the process manager haitexdes until the recon-
figuration process has finished. The reconfiguration proo@sently assumes that all
services are replaceable.

2.3.2 OWL-S and Semantic Discovery Service

Another approach to overcome the static definition of ses/in a BPEL process and
thereby enable dynamic discovery of required servicesratime has been proposed
by Mcllraith et al [38]. They introduce a Semantic Discov8srvice (SDS) that serves
as a dynamic proxy between the BPWS4J engine and serviceepsf86]| Figure 2.10
presents an overview of the invocation on an external sewith the SDS.

2. DQL query DQL Server |__| OWL-S
based ' on . OWLI—_S_ — - —>| Powered by JTP Profile KB
description
I
1
Execution |l. request —  ——L 3._invoke ____
Environment |service with ___ _ ﬁ on selected \I/
OWL-S description artner N
(BPWS4J) r p Discovered
N P Service
| _5. return response___) | _4._return reponse ____ Partner

Figure 2.10: Invocation with SDS as proxy

Instead of invoking requests on statically bound parties8WS4J engine routes
requests to the SDS. Service partners are described, sédeaind discovered via a
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OWL-S service profile. They adopt the DAML Query Language ({22] as the

language and protocol to query a knowledge base of OWL-Sceeprofiles. The

SDS constructs a DQL query and sends it to the DQL server. TQke 8erver uses
the Java Theorem Prover (JTP) [23] DAML + OIL reasoner to fied/iee profiles in

the knowledge base that match the query. Matching serviafigs are returned to
the SDS in answer bundles. The SDS chooses a matching sparicer and invokes
the partner's endpoint. Upon receiving a reply from the marthe SDS forwards
the response to the BPWS4J engine. The SDS is statelesdidseno knowledge
about prior interaction, and agnostic to content of serdiescriptions and invocation
messages.

2.3.3 Synthy

Synthy [3] decouples a Web service composition into a Idgiod a physical design
stage. Figure 2.11 gives an overview of the two-staged auprthat Synthy provides.
The logical stage establishes a relationship based on senzanmotations between
candidate services for a composition. Only service typesised at this stage to create
abstract workflows that fulfil all functional requiremenisit the service specification
specified. The set of abstract workflows is passed to the pdlysiage. The physi-
cal stage is responsible for creating one or more concrekd B#orkflows based on
concrete service instances and QoS parameters relevatitisovorkflow that were
specified in the service specification. Additionally, Syn¢alds a fault-tolerant level to
workflow execution. Two kinds of failures are identified, ading may not exist for a
given service type or a QoS requirement may not be satisfiedtiple workflows can
be created at the physical design stage and deployed withrntimme engine. These ex-
ecutable workflows can be ranked according to QoS informatio case of a runtime
failure in a workflow the runtime engine can select the neghbst ranked workflow
to be executed.

set of set of
abstract service
— plans instances
T two-stage T
i approach i
Service Execution
Specification Logical Physical Environment
composition composition
set of set of
service executable

types plans

Figure 2.11: Synthy two-stage approach

2.3.4 Self-Serv

The Self-Serv framework [6] differs from the previously deéked approaches to the
service composition problem. Self-Serv introduces a P2seth orchestration model
approach to the Web service composition problem. Self-Bebased on two major
concepts: composite services and service containers.
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Figure 2.12: Self-Serv services

Figure 2.12 gives an overview of the service layer in Self#SA composite ser-
vice is composed of several other composite or elementavices. The business logic
of a composite service is described in state charts. Starsolere chosen within this
approach because they possess all the formal semanticajelirtknown and well-
supported and can be easily transformed into other procedglfing languages like
BPEL. A service container is a service that aggregates aksabstitutable services.
The aggregated services do not have to implement the saeréaire but must provide
a mapping from the general service interface that a contaigports and to their pro-
prietary service interface. The container enables to nteake QoS for each offered
service and perform load-balancing between the offeradces. The service requests
can be routed to the best matching, available and not ovéresrice.

The P2P orchestration is based on state coordinators atidgaables. Self-Serv
generates one state coordinator for each state in the $iateaf a composite service.
Each state coordinator is associated with a routing talaliedéfines preconditions that
have to be met for a state transition. The initial state cioatdr initiates the com-
position and collects the results from the other states ubt responsible for state
transitions. The composition is thereby self-orchestrared not centralised.

2.3.5 Discussion

The three approaches METEOR-S, SDS and Self-Serv have imoarthat they en-

able dynamic service discovery at run-time. METEOR-S ubstract BPEL processes
and service templates, which contain semantic descripttbrequired services, to en-
able dynamic service discovery at run-time. The descripticservices in service tem-
plates is a proprietary solution to METEOR-S. SDS intersgit outgoing calls and

discovers services via OWL-S service profiles. However, HER-S and SDS as-
sume that services are replaceable but a service that chamiidcovered or replaced,
will lead to the failure of a service composition in METEORx&d SDS. Self-Serv can
guarantee that services are replaceable with serviceineréa However, the concept
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of service containers in Self-Serv has the negative imgeattit can be a single point
of failure.

Synthy differs from the other three approaches. Prior tdayépg a BPEL process,
service types are replaced with existing service instanbdtiple BPEL processes
that offer the same functionality can be deployed with Syrithprovide redundancy
on the one hand. On the other hand, deployed BPEL processég canked, allowing
Synthy to use the highest ranked process and replace a BHEH process with the
next highest ranked one. This increases reliability of isereompositions reliability
and failure resilience.

METEOR-s | OWL-S+ Synthy Self-Serv
SDS

service service OWL—S_serwce WSDL WSDL
description templates profiles
composition BPEL BPEL BPEL state chart
language
execution BPWS4J BPWS4J N/A p2p
environment
dynamic
service yes yes no yes
discovery
assumption
that service es es no e
instances y y y
replaceable
service
composition no no yes no
reliability
failure for single for single for service for single
resilience services services compositions services

3ensured with service containers

Table 2.1: Summary of service composition approaches

From the preceding analysis of existing service compasgipgproaches, see also
[Table 2.1, it can be seen that Synthy inspired the work ofdeiiserable most. A SME
cannot make the assumption that services are always replaceithin the DBE, it
is beyond their control. However, the METEOR-S and SDS agpghies depend on
this assumption. Although service containers in Self-Sprarantee that services be-
come replaceable, this approach relies on the collaborafiSMEs. With the Synthy
approach, a SME can provide redundancy on the service pnevigide and thereby
ensure better service composition reliability and failgsilience.

Our approach differs from Synthy in several ways: The cowtion architecture
enables BPEL service compositions to use WSDL services Has®BE services.
This enables us to discover instances of DBE services dyadiynat run-time rather
then relying only on static WSDL endpoints. The coordinatmchitecture provides
therefore failure resilience at service instance level e as at service composition
level.
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2.4 Summary

This chapter presented an overview of the DBE, service caitipns and related work
in the area service reliability within BPEL service com{insis.

introduced the architecture of the DBE and iimim@mponents. As the
work of this deliverable extends the deployment and congiomprocess of DBE ser-
vices to support coordination of service compositionssé¢hgrocesses were described
in detail in| Section 2.1.3 and Section 2.1.4, respectivADBE service is deployed
on an application server called the Servent [20]. An impurteature of DBE services
is the registration of a Proxy in a distributed lookup seeM\iEADA) that service con-
sumers can discover and download using an unique identfited SMID. The Proxy
contains all information that a service consumer requivésvoke on a DBE service,
such as endpoint information and a GUI. Essentially, thexy?pyomotes loose cou-
pling between clients and the protocol used to access acservi

The term service composition and a detailed descriptiomeftévo main service
composition languages, BPEL and OWL-S, is given in Secti@n Zhe service com-
position problem can be described by two distinct phasegicgecomposition creation
and execution. Service composition creation includessitats on the usage of dif-
ferent service description and composition languages @#dseexecution concentrates
on service discovery, transaction mechanisms and failanelimg. BPEL focuses on
the execution aspects of a service composition whereas GWicuses on describing
services semantically to enable automatic service cortiposi

[Section 2.3 detailed four related works in the area of sermignposition. METEOR-
S uses an abstract BPEL process and service templates ¢tweliservices at deploy-
and run-time. BPEL process reconfiguration upon a serviberdais also possible,
under the assumption that services are replaceable (B&cHdl).

presents a combination of describing sesvidth OWL-S service
profiles and BPEL. A SDS acts as a proxy and intercepts anyfoalbervices from the
BPEL engine. The OWL-S profiles are interpreted and availabivices discovered at
run-time. This enables dynamic service discovery at rometi

Another approach is Synthy, which partitions the serviaagosition process into
two steps, creating first an abstract BPEL process that @seks types. Available
service instances are then used to create multiple BPElepses that are deployed to
a BPEL workflow engine. Synthy ranks the deployed processdsiaes the highest
ranked one. Upon a service failure, Synthy fails over to e highest ranked BPEL
process. Unlike the other approaches, Synthy enablessergimposition reliability
and failure resilience at service composition level (Secf.3.3).

Self-Serv uses state charts to describe service compusitiod executes service
compositions in a P2P fashion. One of the main ideas of Salf-&e service contain-
ers. A service container aggregates replaceable servicesiaasure their QoS. This
enables a service container to delegate calls to the higlalstd service and perform

load-balancing between services (Section 2.3.4).
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Chapter 3

Design of the Coordination
Architecture

In this chapter we discuss the main design decisions takengiine development of

the coordination architecture. To tackle common issueenfige compositions, we

have identified a set of requirements for our architectuaé déine described in the first
section of this chapter. This is followed by a descriptiomsér cases for our architec-
ture and then the main body of our architecture. Sectiori$8es an overview of the

architecture and individual components. The deploymetiexiecution of coordinated

BPEL service compositions will be presented in SectionIBahd Section 3.4.2 re-

spectively. The advanced failure handling that the archite provides is described in
ISection 3.4.8. Section 3.4.4 introduces the transitiowben different service types.
Finally, the last section gives a summary of this chapter.

3.1 Design Requirements

As introduced in Section 2.2, we have identified a set of requénts based on the
analysis of the DBE and existing service composition sohgithat aim to provide a
guide. The following list refines the requirements in moradand aims at providing

a guide for the design of the coordination architecture.

1. Open-source and standards-based:

The DBE is released as an open-source project in order te @foviders of
Web services to integrate their services adequately anlibie the verification
of code in terms of security. In order to facilitate the intggpn of Web ser-
vices, the DBE needs to be based on open standards. Thisallmwviders to
offer Web services with the same or similar functionalityilvlguaranteeing that
these services are interchangeable. This led to BPEL béivgen as the service
composition language within the work of this deliverabld?EB. is currently in
the process of being standardised and is already widelp&sdéor defining ex-
ecutable business processes in industry. Another advanfe8PEL over other
service composition approaches is that there are operes®@RPEL workflow
engines available, such as the ActiveBPEL engine.

2. Ranking of available services:
Service providers can offer many functionally equivalem/i&ce compositions to
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service consumers that only differ in their QoS informatida allow consumers
to use the service with the highest QoS, the coordinatiohiteture should
exploit this QoS information to create a ranking of avaiabérvices. Further
on, the ranking information for the available services $tidae retrieved and
updated automatically by the architecture in order to emthat the architecture
always uses the highest ranked service and thereby englir€oiS to service
consumers. In order to address this requirement, we wilbchtce a ranking
service that is integrated within the workflow engine.

3. Service reliability and failure resilience:

Failures are not acceptable for service compositions witie DBE so one of the
main requirements is that the architecture offers adedfadtee handling. As

services are likely to fail within the DBE, leading to paltia complete failure of
a service composition, the architecture should switchraatially to alternative
services upon a service composition failure to increaseicgereliability and

failure resilience. This requires our architecture to ftevfail-over for service
instances as well as fail-over for service compositions.

4. Ease of use for service consumers:
Service consumers want faultless services that are easgtddmy changes that
this architecture introduces should therefore remain dnidilom service con-
sumers. Likewise, the architecture should keep a servinswuner unaware of
most service failures and problems to increase the easeedbuservice con-
sumers.

3.2 User Cases

The following two use case diagrams introduce the functior@del of the coordina-
tion architecture from two perspectives: The service gterand the service consumer
perspective.

3.2.1 Service Provider Perspective

A service provider has three tasks regarding a Web serviogosition. The tasks and

their subtasks are illustratedin Figure|3.1.

e Creation of a Service Composition
A service provider must first decide on the functionalitytth@ew service com-
position will offer to consumers. The process of creatingrise composition
can be split up into several subtasks: such the search fguatkeservices, the
choice of services to use and the order in which services beugsed.
A service composition uses any number of services within BEIBprocess. In
order to include these services into a service compositi@nservice provider
searches for already available services within the DBEilAlike services must
then be compared by the service provider to select thosédsaimatch the pur-
pose of the new service composition. If several servicesimthe requirements,
the service provider uses other important non-functiontdria for selecting a
service, such as the quality of a service.
The service provider is assisted during these tasks by tite The CLE offers
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Service Provider in DBE
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deploy composition(s)
_ to BPEL engine

; deploy Adapter
to Servent

Figure 3.1: Use Case Diagram of Service Provider

a set of tools and wizards that can be used to discover, canapalrselect avail-
able services for inclusion in the service composition sthol already exists in
the DBE studio and was created outside the scope of thisedalile.

e Advertisement of a Service Composition
The service provider advertises the newly created senaceposition to the
Semantic Registry. This advertisement includes only sertype information
and does not specify any service instance information. Tdmddtic Registry
returns a unique SMID for the advertised service to the serprovider.
The advertisement process is already defined within the DBEveas created
outside the scope of this deliverable.

e Deployment of a Service Composition
In order to provide an instance of the new service compasiti@onsumers, the
service provider deploys the service composition to a Selinstance using the
ET. This involves three tasks: The Servent deploys one oeB&EL service
compositions to a BPEL workflow engine. Then the Proxy obfecthis ser-
vice composition instance is registered with FADA using 8MID as a unique
identifier. Finally, the Servent deploys the Adapter for seevice composition
locally on the Servent.
The deployment process for DBE service is modified within woek of this
deliverable to support the deployment of service compmsitias well. The de-
ployment will be defined in detail within this chapter.
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3.2.2 Service Consumer Perspective

A service consumer perspective exposes two main operdtorservice consumers,

depicted in Figure 3/2.

Service Consumer in DBE

<<include>>

jC% / TS compare
Service service types

Consumer \
execute service discover
(composition) service instance(s)
<<include>>

discover
L~ __—-—-——" service types
select service ===
(composition)

Figure 3.2: Use Case Diagram of Service Consumer

e Selection of a Service (Composition)
The service consumer requires a service to complete a taklasia booking ser-
vice to organise a journey. After specifying certain cigas about the required
service, the service consumer contacts the DBE to disconatde services. If
several services within DBE are suitable, the service cmeswcompares the
available services to find a service is for example the higtegging or the
cheapest one. Upon discovering and comparing availablécesr a service
consumer selects one of the available service to completea#k and retrieves
its SMID.
The selection process is already defined within the DBE ardongated outside
the scope of this deliverable.

e Execution of a Service (Composition)
Once the service consumer has chosen a service, it uses tietSMiscover
an instance of the selected service on FADA. If the chosericgerepresents a
service composition, the service composition will autanzly retrieve service
instances for all used services within its composition fleaDA. However, the
service consumer remains unaware of this process unleigra faccurs because
a service instance is unavailable.
We will define the execution of composed services within thiapter in detail
as the process differs from the execution of DBE services.

3.2.3 Summary

Within this section we defined the functional model of the rcliation architecture.
As our work extends work from other partners within the DBE, identified the op-
erations that need modification to support the coordinagi@hitecture, such as the
deployment and execution process of service compositions.
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3.3 Coordination Architecture

The following sections provide an overview of the architeetfor coordinating service
compositions in the DBE and its components. First, we pitesegrall coordination
architecture. Subsequent sections deal with the deplolyarehexecution details of
coordinated service compositions and the design of indalidomponents.

3.3.1 Architecture Overview

In this section, we give an overview of the architecture foorclinating BPEL service
composition in the DBE. As the work of this deliverable istpzfra larger EU project,
certain components that have been build for this projectlEaneused or extended.
Figure 3.3 outlines the architecture components for coatiig BPEL compositions
in the DBE, where white components depict reused ones, gneyponents extended
and black components added ones. All relevant componelitserdescribed in detail
in subsequent sections.

<<execution environment>>
Service
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DBE Studio ,-> Adapter
[ =
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Service <<use>>| - <<use>
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Figure 3.3: Architecture overview

As described ih Section 2.1, the DBE Studio [19] is a develeptenvironment for
the DBE that provides among other things a collection of DBEige tools and an ET.
A service provider can use the DBE Studio to analyse bussesgces, define business
and service models, develop DBE services and finally depidypaiblish DBE services
to the EXE. Part of the DBE Service Tools is the CLE, whichiagffamongst other tools
an editor to create BPEL service compositions.

Once a service provider has created a DBE service, the DBEceehnas to be
registered with the Semantic Registry. The ET is then usedport a DBE service to
the Servent [20]. The ET packages a DBE service in conjunatith a deployment
descriptor into @BE archive(DAR). The DAR is handed over to the Deployer of the
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Servent that handles the deployment. The Deployer deplByfaservice locally on a
Servent. If a DAR file contains one or more BPEL service coritjoos each of them is
deployed to a workflow engine via thBepl oynent Fi | eHandl er interface. The
Deployer then registers the DBE service with the Adapteramhabrtises it to FADA.

A service consumer uses the Semantic Registry to searchididalle DBE service
types. Instances of a selected DBE service can then be @ismbvia FADA. Invoca-
tions for a BPEL service compositions are intercepted inAtiapter of a Servent and
delegated to the BPEL Adapter. The BPELAdapter delegatsdh to the desired
BPEL composition after making any necessary transformatié BPEL service com-
position might use several DBE services within its compasit The Invoke Handler
is used by compositions to make invocations on any exterB& Bervices, retrieving
required DBE service instances from FADA and making the dgavion via the APA.
The Ranking Service can be contacted by a coordinating BleBlice composition to
retrieve the highest ranked service out of a set of deploy&elBservice compositions.

3.4 Deployment and Execution

3.4.1 Deploying Coordinated Service Compositions

In order to deploy DBE service that represent service coitipos, we had to extend
the generic deployment process that was described in 8e8#ol as several BPEL
service compositions must be deployed to a BPEL workflowremigi a specific order
and the adapter implementation must be registered withferelift key.

As depicted in Figure 34, the ET commissions the Deployex 8krvent to de-
ploy a DBE service. The deployment descriptor specifiesieitglthat the DAR file
of this DBE service contains one or more BPEL service contjpos. As one BPEL
service composition can depend on the successful deplayshanother, the deploy-
ment descriptor also specifies in which order the BPEL sereimmpositions must
be deployed. Each BPEL composition is deployed to the waskBagine via the
Depl oynment Fi | eHand! er interface. Although this interface is specific to the
ActiveBPEL engine, a similar interface should be availableny BPEL workflow en-
gine to deploy a BPEL service composition. Thereby the dapnt process remains
independent of a specific version or type of BPEL workflow argi

Upon successful deployment, the Deployer registers the B&¥kice for the co-
ordinated BPEL service composition with the Adapter. Theptér identifies DBE
services with a unique key. The key for DBE services thatesgmt a BPEL composi-
tion is enhanced with a BPEL specific extension. This extengiforms the Adapter
if a call for a DBE service must be delegated to the BPELAdapte

The Deployer then advertises a Proxy for the DBE service iDA&Ao that service
consumers can find the DBE service. DBE services that represBPEL service
composition do not differ in this behaviour from generic DB&vices.

3.4.2 Executing Coordinated Service Compositions

In this section we presents the coordination of BPEL contjuos at execution time
in detail, followed by a detailed description of the used poments.| Section 2.1.4
described the execution process for generic DBE servicesieler, the execution of
coordinated BPEL service compositions differs from thisqass as incoming requests
must be delegated to a BPEL service composition. Simildrgéekecution of a simple
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Figure 3.4: Deployment and advertisement of BPEL com possti

DBE service, a BPEL service composition is called by a sereansumer via its Proxy.

The Servent routes the call to the BPELAdapter that trans$ahe request into a SOAP
call and then delegates it to the called BPEL service conipashstance. The BPEL

service composition uses the Ranking Service to retriegenthest ranked service
composition and executes the service consumer’s requastthss service. Figure 3.5

gives an overview of the components that participate in Xeewation of a BPEL service

composition with the coordination architecture.
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Figure 3.5: Execution of a Service Composition
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3.4.2.1 BPEL Adapter

The Servent currently uses object serialisation as theuttgfiotocol for DBE services
whereas BPEL service compositions use the SOAP protoca. uBage of different
protocols are masked for service consumers in the Proxy &#d[A5] and the call

is delegated to the Adapter in the Servent as depicted in€&ig6. The Adapter has
access to all DBE services that are deployed within a Seimsténce and identifies
them with a unique key.

In order to differentiate BPEL service compositions fromeec DBE service, we
extended the key for DBE services that represent a BPELcepdmposition with a
BPEL specific extension. Upon retrieving a DBE service withtsa key, the Adapter
delegates the incoming call to the BPELAdapter. Calls forpdé DBE services are
still delegated to their endpoint within the Servent. TheEBRdapter automatically
converts object serialisation calls into SOAP calls and floewards the client requests
to the BPEL workflow engine.

Servent
<<delegates>>
M - == Adapter ————— _l ________ > Service
A |
I |
I |
: | Workflow Engine
|
: BPEL
Adapter Composition
Service
Consumer

Figure 3.6: BPEL-Adapter for Servent

3.4.2.2 Coordinating BPEL Service Compositions

Within our architecture, a set of BPEL service composititiret provide equivalent
functionality may be deployed locally on a BPEL workflow emgi These service
compositions are coordinated by one BPEL service compoditiat represents a ser-
vice type. As shown in Figure 3.7, the coordinator receivesining requests from
a service consumer and starts to coordinate the executioarder to determine the
highest-ranking BPEL service composition out of the deptbget of BPEL service
compositions, the coordinator first contacts the RankingiSe. The Ranking Service
contacts the Recommender that maintains a history of thiermpesnce of DBE ser-
vices, including coordinated BPEL service compositioms| & returned the highest-
ranking service. The Ranking Service returns this inforameto the coordinator. De-
pending on the service type of the chosen BPEL compositibes;oordinator might
have to transform some or all types of the consumer requestlie required types
for the selected BPEL service composition. This can eitheolve simple type con-
versions within the BPEL process or calling other Web sewi obtain the required
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values and types. The coordinating BPEL service compasitien delegates the re-
guest to the selected BPEL service composition.

> Recommender 5 Semantic Registry
1= - = =
|
3. retriewvie
ranking | Workflow Engine
|
|
I Ranking
Service
2. get | Composition-11 |
Service I highest . -
. gate _
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I H g
s B coorinoor [y
1. call
composition

Figure 3.7: Coordination of BPEL compositions

3.4.2.3 Ranking Service

We introduce the Ranking Service within our architectunetdeve the currently high-
est ranked service out of a set of deployed BPEL service csitipos. The Ranking
Service is a Web service that is installed as a core serviegmpBPEL workflow en-
gine within the DBE. As shown in Figure 3.7, the coordinatsesithe Ranking Service
to retrieve the currently highest ranked service out of adeployed BPEL service
compositions. To achieve this task the Ranking Servicevisrga unique identifier of
each BPEL service composition and contacts the Recommauitthethese identifiers.
The Recommender, after contacting the Semantic Registiy;ns the highest ranked
BPEL service composition out of the provided set to the RagEervice.

Upon a failure of a BPEL service composition, the coordinatmtacts the Rank-
ing Service again and passes in information about the faiégdice. The Ranking
Service delegates the failure information to Semantic &pgvia the Recommender
and, upon receiving the next highest ranked BPEL servicepoaition, returns this to
the coordinator.

We designed the Ranking Service to be very lightweight sbittdoes not leave
a heavy footprint on SMEs with low ICT access. But althoughtaoting the Rank-
ing Service is not time consuming itself, retrieving thereat ranking via the Rec-
ommender from the Semantic Registry depends on many otttergawithin the DBE
such as network speed and connectivity. The discovery abiRewender and Semantic
Registry instances and potential network delays are aautbid scope of this deliver-
able.

3.4.2.4 Customising the Invoke Handler

A BPEL service composition starts to execute whenttleeei ve activity is invoked.
It can then use a number of other services, calling them wighitnvoke activity.
The repl y activity is used to return results, if there are any, to theise consumer
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and finish execution. Within our architecture there aredglpessible service types that
a BPEL service composition can call, as shown in Figure 3.8.

BPEL Web service
" | B B—
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1
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<<component>>
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Service
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"""" T comgosmon
3. return e R
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Figure 3.8: Invoke activity of BPEL compositions

Calling a Web service is the standard activity within a BPEtvice composi-
tion and therefore supported in any BPEL workflow engine. Elesv, DBE services,
whether they are simple or composed services, are disabvir¢heir SMID and used
via a Proxy. Therefore, we required a customised Invokelautidat implements the
i nvoke activity within a BPEL workflow engine. The standard Involkatdler is
extended to call DBE services as well as WSDL services. Astilated in Figure 3.9,
the customised InvokeHandler uses a SMID to download theesponding Proxy ob-
ject for an available DBE service from the FADA at runtime.€eTihvocation is then
delegated to the APA. Essentially, the InvokeHandler usgsreeric way to consume
services in the DBE, similar to what was described in 2.1.4.

Workflow Engine FADA
F==—=—==F=—== ->{ Proxy
1. handle I 3. find Prody
Invoke | for SMID
r—=—=—"="="="7="7="7="7="7777 I
| |
Composition InvokeHandler _Jd__
A I 2. invoke
| 1 | .
2 a | Service
4. return :_ _____ > APA
result

Figure 3.9: Customised Invoke Handler

3.4.3 Failure Handling Mechanisms

We identified failure handling as one of the main requirersénta coordination archi-
tecture as the expected failure rate of services in the DBEbeaelatively high. There
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are two possible failure models for a service compositiothiwithe DBE that must
be considered within our architecture. First, a BPEL sergiemposition depends on
a DBE service that fails but can be replaced with anotherits. We will refer to
this mechanism aservice instance fail-overThe second failure model occurs when
the failure of one or more DBE services lead to a completerfaibf a BPEL service
composition. We will refer to this mechanismservice composition fail-over

We introduce the service instance fail-over mechanism aera fime-grained fail-
ure handling technique. This mechanism is depicted in Eigut0. This technique
takes advantage of the special circumstance that sevefaldeBrice instances, repre-
senting instances of the same service type, can be registeFADA with the same
SMID. In this case, the InvokeHandler is returned a Proxyafbavailable service in-
stances with the same SMID. If a used service instance failsvacation time, the
InvokeHandler catches the failure and attempts to fail tw@me of the other service
instances. Only if all available service instances fa#, tomplete BPEL service com-
position fails resulting in the second failure model.

Workflow Engine FADA FADA
| Proxy | | Proxy2 | | Proxy3 |
A 5 7
ro-r—>RWCLCLCCICE. | ! ! ___!l. find Proxy
! for SMID
1 1 1 | 1
1 T T | 1
L 4 I ! 5. invoke
4. failover ! ettt e Z T T T
. | | other service 1
to other : I 5 1 \"/
i | service fails
service g
| APA
1

Figure 3.10: Fail-over to another service instance in thhekeHandler

If a complete BPEL service composition fails, our architeetuses the service
composition fail-over mechanism. We introduced the camatiir to catch and handle
such a failure. As our architecture encourages serviceigeeovto supply more than
one BPEL service composition available, the coordinateckk whether all coordi-
nated BPEL service compositions have failed. In this casslaré message will be
returned to a service consumer. Otherwise the coordinataacts the Ranking Service
again to retrieve the next highest ranked BPEL service caitipn. The coordinating
BPEL service composition then continues executing the&eoonsumer’s request by
delegating the request to the next highest ranked BPEL cepomposition. Upon
successful execution the coordinating BPEL service coitipngeturns the result to
the service consumer. This failure model is shown in Figuté 3

The advantages of this twofold failure handling are that ae guarantee service
consumers an increased service reliability and failurdiease, thereby increasing
the ease of use for service consumers. On the other handcesennsumers might
experience some delay until the architecture can deteduadand use one of the two
failure handling methods to continue executing a servigesamer’s request. If the
first failure handling mechanism can be used successfhilyexperienced delay for a
service consumer should be minimal. However, the secohdéainodel can cause a
much higher delay as the used BPEL service composition nhig¥e to be switched
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Figure 3.11: Advanced failure handling

several times by the coordinator.

3.4.4 Transitioning between Different Service Types

In this section we describe how the designed architectuables service providers
to encapsulate different service types for BPEL servicepmsitions. An important
constraint is that all required types must be either typeqgatible or type-convertible,
meaning that the given types can be transformed into theregfjones. A service
provider is responsible for defining the transition stepsfione BPEL service compo-
sition to another in the coordinating BPEL service composit

Different methods are possible for accomplishing a tréositThe simplest transi-
tion simply requires the combination of available typesmigthods such as adding or
subtracting their values. A very simple example for suctaadition are two booking
services where one differentiates between adults andrehiland the other does not.
To transition from the first type to the second type the nunabedults and children
simply would have to be added. More complicated transitioight involve invoking
other Web services from the coordinating BPEL service caitiom to retrieve the
required types.

All transitions must be based on BPEL syntax to remain stahdampliant. The
BPEL specification defines that XPath expressions must heostgul by any standard-
compliant BPEL workflow engine. XPath expressions can bé tseetrieve values
from variables and add them, for example. Another way to sttgpe transition from
one type to another is the invocation of additional servioesBPEL process.

3.5 Design Summary

In this chapter we described the architecture for the coatthn of service composi-
tions in the DBE, its use cases and the overall architectitteandetailed view on the
deployment and execution aspect of coordinated BPEL secdmpositions, advanced
failure handling mechanisms and transitioning betwediedint service types.

The coordination architecture has two main perspectivasih presented in Section 3.2.
The service provider is concerned with creating, deployang advertising service
compositions. The goal of the coordination architectuite isnable service providers
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to provide service compositions that are failure resilemd have a high reliability and
availability. The service consumer is mainly interestedhia ease of use for discov-
ering and executing services that work faultless and peogiabd performance. From
that point of view, the coordination architecture shouldsbamlessly integrated into
the service provider’s service composition without ini@ting the service consumer’s
perception of the service composition behaviour.

[Section 3.3.11 presented a high-level overview of the coatibn architecture by
providing the functional model describing the use casesotli Bervice provider and
service consumer. Subsequent sections dealt with thefiggenfi the deployment and
execution aspects of coordinated service compositionstendesign of each partici-
pating component. The coordination architecture basicalhsists of the BPELAdapter,
the coordinating service composition, the Ranking Sertieecustomised InvokeHan-
dler and advanced failure handling mechanisms. With the bthe BPEL-Adapter,
a call on a generic DBE service is converted into a request BIPEL service compo-
sition (Section 3.4.2[1). The coordinating service conitpmsprovides an entry point
to a set of BPEL service compositiohs (Section 3.4.2.2)sdstthe Ranking Service to
retrieve the highest ranked BPEL service composition froenget of available ones.
The coordinating BPEL service composition provides onéeftivo failure handling
mechanisms. If a selected BPEL service composition faiescbordinating BPEL ser-
vice composition catches this failure and attempts to usenéxt highest ranked one.
The Ranking Service obtains the ranking order for avail&@MH&L service composi-
tions and updates the ranking upon a service failure (Se8t#.2.3). The customised
Invoke Handler enables service providers to use DBE sesdsavell as Web services
within a BPEL service composition (Section 3.412.4). As D&fvices are not identi-
fied via a static endpoint, the Invoke Handler can fail oveariother service instance if
more than one service instance is available for a specificcgetype. This is the other
failure handling mechanism that the architecture uses pyore failure resilience of
service compositions.

The next chapter presents the implementation of the anthite for coordinating
BPEL service compositions in the DBE, using the ActiveBPEQiae for execution
of BPEL service compositions.
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Chapter 4

Implementation of the
Coordination Architecture

In this chapter, we presents the implementation of the schire for coordinating
service compositions in the DBE. The implementation is dase the requirements
that we set out ih Section 3.1.

The source-code presented in this chapter does not comtgilogging messages
or error handling logic. As well, for the sake of brevity, atents have been replaced
by their actual value.

The first section of this chapter details the developmeritenment that was used
to create the implementation. This is followed by a desipbf the components that
have been introduced to the existing architecture and thdifioations that have been
made to existing components. The chapter concludes witmasuly of what has been
achieved.

The result of this implementation is part of the open-soprogect Swallow|[21]
that also contains the ServENT implementation [20].

4.1 Development Environment

The coordination architecture has been developed basetsénll4.2 (build 1.4.2_08),
BPEL 1.1 [5] (seé Section 2.2.1), AXIS 1.2.1 [27], WSDL 1.}, [®e extended Ser-
VENT 0.2.0 [20] (see Section 2.1.3 and Section 2.1.4) andvéBPEL 2.0 [2] (see
Section 2.2.1.8).

Figure 4.1 illustrates the development environment of fhigiect. The source-
code for this deliverable was maintained with CVS [1]. Thevgta[24] and ANT [26]
build systems were used to manage the whole project. EQiis@8] was used as the
development environment.

4.2 Coordination Architecture

In order to support the coordination architecture, we haittmduce components to
the existing architecture and to modify some existing offéigure 4.2 outlines new
components in black, grey components modified ones and whée could be reused.
All relevant components will be described in detail in sugnt sections.
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Development Environment
ServENT
CVS MAVEN / ANT Eclipse ActiveBPEL engine
N LS A A
! D, : I
‘l compile/\ : EOdi/ /,I run/
1 build N j tes "7 test
‘._ _____ N, _- - -7
checkin/ T TT=-- -
checkout Developer

Figure 4.1: Development Environment

The d i ent Hel per class shrouds service consumers from FADA details. Pre-
viously, the Cl i ent Hel per class returned only one Proxy object to consumers. In
order to support service instance fail-over, we extendedctass to return all Proxy
objects that match a SMID. Th®epl oyer | npl class is responsible for deploy-
ing DBE services on the ServENT and for registering Proxgotsj with FADA. This
class is extended to deploy BPEL service compositions toAttte’eBPEL engine.
The Depl oyer | npl uses theServi ceConfi guration class to read in the
deployment descriptor of DBE services. In order to suppertise composition rel-
evant entries in the deployment descriptor, t8er vi ceConf i gurati on had to
be updated. In order to support DBE services as well as Welicesy the standard
I nvokeHandl er of the ActiveBPEL had to be customised. TH&SSHandl er

class is responsible for receiving requests from consum#érgorrelates incom-
ing requests or rather their key with the correspondingisesv We extended the
SSSHandl er to recognise a service composition key and to delegate theara
rectly to the BPELAdapt er . The BPELAdapt er component was introduced
to convert object serialisation calls that the ServENT ueeSOAP calls for the Ac-
tiveBPEL engine. Finally, the Ranking Service was intragtlito support the ranking
of the coordinated service compositions.

4.3 Deploying Coordinated Service Compositions

4.3.1 DBE Archive

[Figure 4.3 gives an overview of the DBE Archive (DAR) that &ed as the format to
deploy a packaged DBE service to the ServENT.

A DAR contains a service implementation and a deploymentrifgsr as de-
scribed irf Section 4.3.2. We extended the deployment gesciior the coordination
architecture to specify all service information for coorated BPEL service composi-
tions. Theser vi ce- conposi ti on folderis an extension to the DAR format and
contains any BPR files and the WSDL interface of the coordiniatthe ser vi ce
- conposi ti on/ wsdl folder. The WSDL interface is used by the implementation
of the BPELAdapter to create a SOAP call. T@eor di nat or Ser vi ceAdapt er
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Figure 4.2: Architecture overview

class contains a Java representation of this WSDL interfd¢ee adapter class is
required within the Servent to create thheapt er W apper object and the Proxy
object that represent this DBE service but requires no implgation as all calls are
delegated to the BPELAdapter.

4.3.2 Deployment Descriptor

The deployment descriptor of a DBE service is used to desaity service-related
information.| Listing 4.1 displays the contents of an enleahdeployment descriptor
for the coordination architecture.

Listing 4.1: Contents of an enhanced deployment descriptor

1 <deploymentProperties >

2

3

4

5

10

11

12

13

<servicelnfo >

<serviceName>Coordinator </serviceName >

<smid>coordinating-process-SMID</smid>

<adapterClass >org.dbe.service.CoordinatorServiceptaa
</adapterClass >

<complexTypes >

<complexType >org.dbe.service.SomeComplexType </
complexType >

</complexTypes >
</servicelnfo >
<compositioninfo>

<wsdlLocation >service-composition/wsdl/coordinato+

interface .wsdl</wsdlLocation >
<wsdINamespace >urn:service .dbe.org </wsdINamespace >
<wsdlService>Coordinator </wsdlService >
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|
coordinated-bpel-compositions.DAR
| deployment.xml | - —
service-composition
| coordinated-process-1.bpr |
|
classes | coordinated-process-2.bpr |
|
| CoordinatorServiceAdapter | | coordinated-process-3.bpr |
|
| any other classes... | | coordinator.bpr |
wsdl
| coordinator-interface.wsdl
Figure 4.3: Contents of a DBE Archive (DAR)
14 <redirectTo >CoordinatorBPEL </redirectTo >
15 <bprServices >
16 <bpr>coordinatedprocess—1.bpr</bpr>
17 <bpr>coordinatedprocess—2.bpr</bpr>
18 <bpr>coordinatedprocess—3.bpr</bpr>
19 <bpr>coordinator . bpr</bpr>
20 </bprServices >
21 </compositioninfo>

2 </deploymentProperties >

The first part contains the standard information, name ohdceg SMID with which
the Proxy of a DBE service is registered in FADA and the adagéess for the Servent.
A conpl exTypes element was added to create the Java class of a complex type in
the customised Invoke Handler, which is required for an cigerialisation call on a
DBE service.

The second part describes the composition information:

e wsdl Locat i on : This entry describes the location of the WSDL interface for
the coordinator. The interface is used by the BPELAdaptar¢ate a SOAP
call.

e wsdl Namespace and wsdl Servi ce : These two entries are used by the
BPELAdapter to create the correat g. apache. axi s. cl i ent. Servi ce
object from the WSDL interface.

e redirect To : Anincoming call to the Servent for a BPEL service compo-
sition has to be redirected to another endpoint. The Sekrws the general
endpoint of ActiveBPEL services, a concatenation of thegtei URL of the Ser-
vent htt p: // host nane: 2728/ with acti ve-bpel /services. The
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redi rect To part gives the last identifier, such &oor di nat or , of the
new URL. So the complete URL where the BPELAdapter has togaddethe
invocation to isht t p: / / host nane: 2728/ acti ve-bpel / servi ces/
Coor di nat or .

e bpr Servi ces : This entry gives the order in which the coordinated BPEL
compositions and their coordinator must be deployed to tie’dBPEL engine.

4.3.3 Deployer

The previous sections described the extended DAR file anldyleent descriptor for-
mats that are used during the deployment of a composed DBicsdn a Servent
instance|. Figure 4.4 illustrates the invoked methods irqaeece diagram.

Deployer AeDeployment Wrapper P2P
Impl FileHandler Repository Directory

T

I .

I 1l:create for service
1

1

Service
Configuration

2:getBprs() :

| 3:return order

T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
[ redeated for all bpr files] :
1
1
1
1

4:handleDeployment (bprFile)

5:0k or Error

<=

o —_____b:new instance for DBE service .| Adapter
Wrapper

k- = = —m e e e ]

T:ire

U

ister ()

=

9:addAdapterWrapper (

X

Y S

Figure 4.4: Sequence diagram of déeployment ih Servent
DBE services are keptin a specifiepl oy folder within a Servent. Upon startup
or onreceiving a new DAR file, thBepl oyer | npl class creates 8er vi ceConfi gurati on
object for a DBE service that contains all information frone tcorresponding de-
ployment descriptor. We had to extend theer vi ceConfi gurati on object
with relevant information for the coordination architeetusuch as the order in which
the BPR files must be deployed to the ActiveBPEL engine. Tlds wecessary as
the coordinator depends upon successful deployment obatddinated BPEL service
compositions and must therefore be deployed last. Te@l oyer | npl uses the
AeDepl oynent Fi | eHandl er class in the ActiveBPEL engine to deploy BPEL
compositions in the BPR format.
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Once all BPEL service compositions are deployed to the ABREL engine, the
Depl oyer | npl creates anAdapt er W apper for the DBE service and registers
the Proxy with the P2PDi r ect ory (FADA). Then, the Adapt er W apper is
registered with theW apper Reposi tory . The Adapt er W apper for a co-
ordinating BPEL compositions contains a Java representafi the WSDL interface
for creating a ServiceProxy object but leaves the impleatért empty as all calls for
such a DBE service will be delegated to the BPELAdapter.

Adapt er W apper instances are retrieved from the&/ apper Reposi t ory

via a unique identifier. The identifier for normal DBE sen#de a concatenation
of the public URL of the Servent instanceh{t p: // host nanme: 2727/ ) and a
service identifier. We extended this identifier with “/BPEL’differentiate composed
DBE services from simple DBE services. So a BPEL composiadentified in the
Servent with anidentifier such dg t p: / / host name: 2727/ ser vi cei d/ BPEL

4.4 Execution of Coordinated BPEL Compositions

As described in Section 3.4.2, a service consumer uses tharfie Registry to search
for a DBE service. Upon finding a suitable service, a serviam@sumer retrieves its
SMID from the Semantic Registry. A SMID is used to identify@®y of the required

service on FADA. The order of invocations that a consumeresak order to find a
Proxy object and invoke the service is shown in Figure 4.5.

Service CSSHandler Wrapper
Consumer Repository

T Client

“licreate | Helper
T
1
1

2:getProxies()
for SMID

w

:open URL
connection

4:doFindPr¢Xies()

5:getWrappers ()

6:return list

8:send list 7:create one fo%
of Proxies each service |
over URL | __ matching SMIDI_______ Service
e connection ] i Proxy 10:create one
T for each

9:createWork#pace() |
I

1
i ServiceProxy
1
! |---- Workspace
12:return list 1 ll:returnWorkcbace
T
1

of Workspaces|

.
]
! i
R ettt Tttt e ettt T
l4:return result from invocatiion

X

Figure 4.5: Sequence diagram of retrieving Proxies from A&Dd invoking them

A consumer creates &l i ent Hel per object, which is a helper class within
the Servent that encapsulates all direct contact with ®émlasses for consumers.
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We extended thed i ent Hel per class to request for all Proxies that match the
given SMID instead of only the first matching one in order talge the service in-
stance fail-over mechanism. Thé€l i ent Hel per contacts the CSSHandl er ,
another class in the Servent, for retrieving Proxies. TB8SHand| er gets a list of

all available Adapt er W apper instances, DBE service instances within a Servent,
from the W apper Reposi t ory and creates &er vi cePr oxy object for each
Adapt er W apper that matches the SMID. A list of matchin@er vi cePr oxy
objects is then returned to th€l i ent Hel per . The i ent Hel per creates

a Wor kspace object for eachSer vi cePr oxy object. Thewsr kspace class
implements the dynamic invocation interface for the AldtRrotocol Adapter (APA),
offering to service consumers the method displayed intgs4.2 to invoke DBE ser-
vices. TheWor kspace object delegates the invocation of the service consumer to
the correct Servent instance.

Listing 4.2: invoke() method in Workspace class

1 public Object invoke (String methodName, Class[] paramTypes,
Object[] args) {...}

Incoming calls for a DBE service into a Servent instance atercepted in the
handl e() method in the SSSHandl er class. The SSSHandl er obtains the
correct Adapt er W apper instance from the W apper Repository via an
identifier that is passed in as thedapt er string in|Listing 4.3. We modified the
SSSHandl er so that the adapt er string may also used to decide whether the
invocation must be delegated to the BPELAdapter or not. phigess is shown in

Listing 4.3.

Listing 4.3: handle() method in Servent

1 public void handle(String adapter , String pathParams,

2 ServentRequest request, ServentResponse response)

s {

4 if (adapter.indexOf("/BPEL") > 0) {// Invocation on BPEL
composition

}

else { // Normal DBE service is called

}
...

© © N o o

}

illustrates the sequence diagram within 8&5Handl| er class upon

receiving an invocation for a DBE service that represent®&IBcomposition. The
SSSHandl er retrievesthe correchdapt er W apper instance fromthe apper Reposi t ory

and sets up thd nvocat i onRequest and | nvocat i onResponse objects.
The | nvocat i onRequest object contains information about the method that will
be invoked, an array of the parameter values and an arrayeofléiss types of the
parameters such aslol der class types for the parameters that are returned. The
invocation is then delegated to the BPELAdapter, which Wil explained in detail
in the following section. Upon receiving the response frdva BPELAdapter, the
SSSHandl er retrieves any response values from thevocat i onResponse ob-
ject.
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Figure 4.6: Sequence diagram of receiving an invocatioreivéht

4.4.1 BPEL Adapter

The Serventdelegatesincoming calls for a BPEL compodititime doBpel | nvocat i on
() method in the BPELAdapter. An overview of what happens ia thethod in the
BPELAdapter is given in Listing 4.4 and will be explainedfretollowing paragraphs.

Listing 4.4: doBpellnvocation() method in BPELAdapter
1 public void doBpellnvocation(InvokationRequest request,

2 InvokationResponse response, ServiceContext context)
3
{

4 // Obtain values from service configuration for creating
call ...

5 /I Create the Call

e org.apache.axis.client.Call call = createCall (...);

7 /Il Prepare the Parameter and Holder fields

8 List[] paramCollection = createHolders (...);

9 /1 Invocation of SOAP call, passing in List of parameter
objects

o Object responseObj = call.invoke (paramCollection [0]Atoay
0);

1 /Il Get outputValues and add the response as first
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12 List output = call.getOutputValues ();

13 /I Assign a value for each holder

1 for (int i = 0; i < paramCollection[1l].size() && i < output
.size(); i++) {

15 if (i ==0) {

16 response.setReturnObject(output.get(i));
17
}
18 JavaUtils .setHolderValue(paramCollection[1]. get(i) ,
output.get(i));
19 response.addParameter(paramCollection[1].get(i));
20 }
21}

The BPELAdapter must first convert an object serialisatialhioto a SOAP call
(see lines 3-5). In order to achieve this, a BPEL compospiavides its WSDL in-
terface to the BPELAdapter. The BPELAdapter gets all regliinformation, such
as location of the WSDL interface, service and port namem ftbe service con-
figuration that was supplied in the deployment descriptee|(Section 4.3.2). The
org. apache. axi s. client. Servi ce class of Axis provides the two necessary
methods to create the requirgdavax. xm . r pc. Cal | object for a SOAP call,
shown in Listing 4.5. The constructor createsSer vi ce object and reads in the
j avax.wsdl . Servi ce with the servi ceNanme of the WSDL interface at the
wsdl Locati on. The createCal | () method is then used to create ti@al |
object for the required avax. wsdl . Port Type.

Listing 4.5: Used methods in org.apache.axis.client.i8emlass

public class org.apache.axis.client.Service
implements javax.xml.rpc.Service , Serializable , Referenceable

public Service (String wsdlLocation , QName serviceName)
{...}
5 public javax .xml.rpc.Call createCall (QName portName , String
operationName) {...}
6 /1

7}

The BPELAdapter must then initialise the parameter fieldk Wieir values from
the object serialisation call and prepgravax. xm . r pc. hol der s. Hol der ob-
jects for any output parameters (see lines 617 in Listiny.4THe cr eat eHol der s
() method in the BPELAdapter is shown infto Listing 4.6. The roetheturns two
lists of which the first one contains the initialised paraanetind the second the instan-
tiated Hol der objects.

Listing 4.6: Assign values to parameters and prepare Haldgcts

1 private List[] createHolders (Object[] args, Class|]
paramTypes)

2 {

3 I/l Create new parameters

4 List parameters =new ArrayList(), holders =new ArrayList

0
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for (int i = 0; i < paramTypes.length; i++) {
/I |If param is a holder class
if (Holder.class.isAssignableFrom (paramTypes[i])) {
/Il Create the holder Object

© ® N o o

Object holder = paramTypes[i]. newlnstance ();

10 Il Assign value
1 Field value = holder.getClass().getField("value");
12 value .set(holder, args|[i]);
13 I/l Assign to parameters and to holders
14 holders.add(holder);
15 }
16 else {
17 parameters.add(args[i]);
18 }
v}
20 return new List[] {parameters, holders};
21

}

The parameter objects are passed into the SOAP call (se8-Bria Listing 4.4).
Upon receiving a response from the SOAP call, the BPELAdaptest assign the
returned values correctly to thelol der objects that are already prepared (see line
12-19 in Listing 4.4) and add them as parameters to ftmocat i onResponse

object (see line 18 in Listing 4.4).

4.4.2 Ranking Service

The Ranking Service is implemented as a simple WSDL Web cewith a Java im-
plementation. As the DBE is currently still in the implema&tiin and testing phase,
the Ranking Service had to be implemented without using #eRimender to retrieve
rankings. Instead each coordinator supplies a ranking ganaiion file that contains
the names of all coordinated BPEL compositions and a préibalmlue for each com-
position. The Ranking Service is passed in the name anddocat this XML-based
file and readsitin. A sample of such a ranking configurati@ngishown in Listing 4.7.

Listing 4.7: Contents of ranking configuration for samplesgs

1 <rankingProperties >

2 <servicelnfo >

3 <serviceName>Coordinator </serviceName >
4 </servicelnfo >

5 <rankingInformation >
6 <serviceRanking >

7 <serviceName>coordinatedprocess-1</serviceName >
8 <probability >0.2 </probability >

9 </serviceRanking >

10

1 </rankinglnformation >

12 </rankingProperties >

The Ranking Service then calculates a random value andtselee BPEL service
composition whose probability value is closest to the randalue. The selected name
of this BPEL service composition is then returned to the dowtor.
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Listing 4.8: Ranking Service WSDL interface

1 <definitions targetNamespace="urn:rankingservice" xmirank=
"urn:rankingservice" ... >
<message name="makeRankingRequest">

2

3 <part name="configName" type="xsd:string"/>

4 <part name="configLocation" type="xsd:string"/>

5 <part name="failedService" type="xsd:string" />

6 </message>

7 <message name="makeRankingResponse">

8 <part name="chosenService" type="xsd:string" />

9 </message>

1o <portType name="RankingServicePT">

1 <operation name="makeRanking" parameterOrder="configh

configLocation failedService">

12 <input message="rank:makeRankingRequest" name="
input_makeRanking"/>

13 <output message="rank:makeRankingResponse" name="
output_makeRanking"/>

14 </operation >

15 </portType >
1 <binding .../ >
17 <service .../>
18 </definitions >

Listing 4.8 shows the WSDL interface of the Ranking Serviiee WSDL interface of
the Ranking Service offers one methotikeRanki ng that has three input parame-
ters, describing theconf i gName and confi gLocat i on of the ranking config-
uration file for a specific coordinated BPEL service compasiand previously failed
services withf ai | edSer vi ce . The third parameter is empty if no BPEL service
composition has failed previously. If more than one serem@position has failed, the
names of these are concat with “//” as a separator. The Rgr8eénvice excludes all
failed services for determining the next highest ranked BB&vice composition.

4.4.3 Customised Invoke Handler

The BPEL i nvoke activity is used to invoke internal or external Web servieéhin

a BPEL service composition. TheAel nvokeHandl er Java interface, shown in
Listing 4.9, defines the functionality that an InvokeHamdtethe ActiveBPEL en-
gine must implement. The standard InvokeHandler impleatant in the ActiveBPEL
engine, the Ael nvokeHandl| er class, enables invocations of Web services with
standard WSDL interfaces via the SOAP protocol.

Listing 4.9: 1AelnvokeHandler from ActiveBPEL engine

1 public interface lAelnvokeHandler

2 {

3 public IAeWebServiceResponse handlelnvoke (IAelnvoke alnvoke
, String aQueryData);

4}
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As described in Figure 3.9, the InvokeHandler must be cuisiairto enable the
ActiveBPEL engine to invoke DBE services as well as Web ses/i The customised
InvokeHandler reuses the available functionality fréval nvokeHandl er and ex-
tends it with the functionality to call on DBE services. Astsd in_Section 2.1.4,
Proxies for DBE services are discovered and identified \éé& tBMID and not their
endpoints. | Listing 4.10 shows the definition of a partnek lin a PDD file (see
[Section 2.2.1.9) that was modified to use a DBE services:

Listing 4.10: Defining partner link of DBE service in PDD

1 <partnerLink name="coordinatel">
2 <partnerRole endpointReference="static">

3 <wsa:EndpointReference xmlns:coordinatel="urn:coaratel
"
4 <wsa:Address>smid:// coordinategprocess-1-SMID</
wsa:Address>
5 </wsa:EndpointReference >

6 </partnerRole >
7 </partnerLink >

The value of the Addr ess element starts withsmi d:// to indicate that this
partner link references a DBE service. |As Listing 4.11 tHates, the SMID can be
easily retrieved from the PDD file and enables the customisazkeHandler to decide
whether the following invocation will call a DBE service okéeb service.

Listing 4.11: Decision if partner link defines DBE serviceVdeb service

1 public IAeWebServiceResponse handlelnvoke (IAelnvoke
alnvokeQueueObject, String aQueryData)

2

{

3 IAeWebServiceEndpointReference endpointReference =
getEndpointReference (alnvokeQueueObject);

4 String address = endpointReference.getAddress ();

5 if (address.startsWith("smid://")) {// have DBE service

6

7 else { // have normal Web service

s}

o ...

The customised InvokeHandler retrieves any required Potygcts invoking on a
DBE service in the same way as it is described at the begirofil@gction 4.4 for all
service consumers. Upon receiving one or mdég kspace objects, the customised
InvokeHandler must set up an object serialisation callhéligh aWr kspace ob-
ject will normally contain a graphical user interface (Gthat a service consumer can
use straight away, the InvokeHandler cannot use a GUI as BieBlice compositions
are executed without any user input. Therefore, the redipititysto set up the array
of parameter values and class types lies by the InvokeHanUlelike SOAP calls,
an object serialisation cannot be created automaticadiy fthe available WSDL in-
terface as the correct Java classes are required. The lHaokéer uses the helper
class ApaUti | s that contains the standard WSDL types and their correspgndi
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Java class representations to create the required class fiypthe object serialisation

call.|Listing 4.12 shows an extract #paltil s :

Listing 4.12: setting up Java object for xml type

1 private static HashMap constructorMap =mew HashMap () ;
2 static

constructorMap . put("string" new String ());
constructorMap . put("boolean" new Boolean (false));

4
5

s }

7 public static Object getConstructorForType (String paramType)
s {

9

return (Object) constructorMap .get(paramType);

Listing 4.13 shows the setting up of tiihj ect and Cl ass arrays for the object
serialisation call with the correct data and class typese$il2-17 in Listing 4.13 show
the initialisation of parameters with the mode IN and lin8s2B the initialisation of
the Holder objects for parameters with the mode OUT. The fgwathat is used in
line 13 and 19 was created withpaUti | s .

Listing 4.13: Setting up the object serialisation call indke Handler

1 private void invokeApaRpcCall(lAelnvoke alnvokeQueueObject,
AelnvokeResponse aResponse, Operation oper, Call call,
Workspace workspace)

3 String operationName = alnvokeQueueObject.getOperafion

4 Map messageData = alnvokeQueueObject.getlnputMessateDa
getMessageData () ;

5 /I Initialising the arrays

6 int inParamSize = call.getOperation ().getAllinParams()zsi
0;

7 int outParamSize = call.getOperation ().getAllOutParams() .
size();

8 Class [] paraClasses new Class[inParamSize + outParamSize

9 Object[] paraObjects =new Object[inParamSize +
outParamsSize];

10 int i=0;

u for (Iterator iter = call.getOperation ().getAllinParams().
iterator () ; iter.hasNext();) {

12 ParameterDesc part = (ParameterDesc) iter.next();

13 paraClasses[i] = part.getJavaType();

14 paraObjects[i] = messageData.get(part.getName());

15 i++;

1}

17 for (Iterator iter = call.getOperation ().getAllOutParams/()
iterator () ; iter.hasNext();) {

18 ParameterDesc part = (ParameterDesc) iter.next();
19 paraClasses[i] = part.getJavaType();
20 paraObjects[i] = ApaUtils.getConstructorForType(part.

getJavaType () .getName());
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2 i++;

2}

23 /! Invoke on workspace object

24 Object[] returnObj = (Object[]) workspace .invoke (
operationName , paraClasses , paraObjects);

25 /...

2% }

Upon receiving the response from the invocation on Y& kspace object, the
InvokeHandler must set up théel nvokeResponse object for the ActiveBPEL
engine. The Java code for this is shownh in Listing 4.14. Foheautput parameter, the
returned value is retrieved (line 12) and added to the outsgsage (line 13).

Listing 4.14: Setting up the response object for ActiveBRifgine

1 private void invokeApaRpcCall(lAelnvoke alnvokeQueueObject,
AelnvokeResponse aResponse, Operation oper, Call call,
Workspace workspace)

/...

/I Invoke on workspace object

Object[] returnObj=(Object[]) workspace .invoke (oper@Name
,paraClasses ,paraObjects);

/l Setup response object

7 QName outMsgQName = oper.getOutput () .getMessage () .gatqe

0;
s AeWebServiceMessageData outputMsg new
AeWebServiceMessageData (outMsgQName) ;

g s W N

9 if (outParamSize > 0) {

10 for (int j = 0; j < outParamSize; j++) {

11 ParameterDesc para=(ParameterDesc)call.getOperatjon (
getAllQutParams() .get(j);

12 Object output = JavaUtils.getHolderValue (paraObjects[j
inParamSize]);

13 outputMsg . setData (para.getName() , output);

14 }

5}

16 /Il Return the message to the awaiting callback
17 aResponse .setMessageData (outputMsg) ;

s}

4.4.3.1 Complex Types

Java class types for complex types are problematic as thotae created automati-
cally. Therefore the deployment descriptor was extended $ection 4.3/2) to contain
the name of a complex type Java class and an entry was addesdRodxy object. The

problem is partitioned into two subproblems, where the firstblem is to obtain an

instance of the required class. The second problem is hawstaritiate the object with

the correct constructor and add the values for the membéhblas that were passed
from the ActiveBPEL engine. Listing 4.15 illustrates hove trequired Class type is
obtained from the remote code-base of a DBE service.
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Listing 4.15: Obtaining the class of complex type from reens¢rvice

1 public Class getComplexTypeClass(String complexName , Map
serviceConfig)

2 {

3 String codebase = (String) serviceConfig.get("
dbe_server_jvm_codebase");

URL[] urls = new URL[] { new URL(codebase) };

ClassLoader loader =this.getClass().getClassLoader();

URLClassLoader urlLoad =new URLClassLoader(urls , loader);

return urlLoad.loadClass (complexName);

}

© N o o s

Listing 4.16 shows how to create an object for the compler &ypd assign the correct
values to each member variable.

Listing 4.16: Create object and assign correct values to Ineewariables of the object

1 public Object getComplexTypeObject(Class complexClass ,
Document data)
{
List paramsList =new ArrayList();
Node parent = data.getChildNodes().item(0);
NodelList cParams = parent.getChildNodes();

N o a0 o~ W N

Constructor[] constructors = complexClass.getConstrarst()

8 Constructor correctConstructor =#aull;
9 /Il Getting constructor

o for (int i=0; i<constructors.length && correctConstructor
== null; i++) {
1 if (constructors|[i].getParameterTypes ().length == cPasam
getLength ()) {
12 correctConstructor = constructors|[i];
13 }
14 }

15 /I Getting params
s Class[] pClasses = correctConstructor.getParameterBype
17 for (int j=0; j<cParams.getLength(); j++) {

18 Node param = cParams.item(j);

19 /Il Creates object with classname as 1st param, value as 2
nd param

20 Object pObject = ApaUtils.initObjectWithValue (pClassfgs
]. getName () , param.getFirstChild () .getNodeValue ());

2 paramsList.add(pObject);

22

}

23 return correctConstructor.newlnstance (paramsList.toArray ()

2}

In lines 7-14, the correct constructor for the required objjleat has the same num-
ber of parameters as the complex type parts is obtained. deadr parameter of the
Class constructor, we obtain the Java class type and the @a&ld create the corre-
sponding object (lines 15-23). Listing 4,17 illustrates thethod that is used in line 20
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in|Listing 4.16 to create the required Java object with amgivalue. Finally, the Java
object for a complex type can be created in line 24 of Listirigs4

Listing 4.17: setting up Java object with value

1 public static Object initObjectWithValue (String classType,
String value)

~~

if (classType.equals("java.lang.Boolean")) {
return new Boolean (value);

else if (classType.equals("java.lang. String")) {
return new String (value);

}
/1

© ® N o o A~ W N

i
o
—

This solution has been tested and currently works with cemplpes that only
contain simple parts. The nesting of complex types has rext beplemented.

4.4.4 Failure Handling Mechanisms

We defined two failure handling mechanisms for the coordimarchitecture in Section 3.4.3:
service instance fail-over and service composition fadfo The customised Invoke-
Handler is responsible for implementing the first mechanignile the coordinator
enables the second mechanism.

The customised InvokeHandler retrievdsr kspace objects for allSer vi cePr oxy
objects that map to the same SMID from FADA and uses one ottinenedWor kspace
objects for executing the invocation. The call for invokorgthe Wor kspace object

is surrounded by a try-catch block, as shown in Listing 4.18.

Listing 4.18: Failover in customized Invoke Handler

T Y A

2 List workspaces = (List) css.getProxies(ll , entries);
3 boolean success =false;

4 int tries = 0;

s while (tries < workspaces.size () && !success) {

6 try {
7 Workspace workspace = (Workspace) workspaces.get(tries)
8 invokeApaRpcCall(alnvokeQueueObject,response , opi@mt,
call ,workspace);
9 success =true;
0}

u  catch (Exception e) {} // try failover to another Workspace
2 tries++;

w5}

If the selectedWr kspace object could not be used or threw an exception and
there is more than on&ér kspace object available, the InvokeHandler fails over to
anotherWor kspace object.

If no other Wr kspace object is available or all available ones have failed, the
InvokeHandler throws an exception and the BPEL service asitipn will fail. In
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this case, we apply the service composition fail-over maidma. | nvoke activities
in a BPEL service composition can define exception handliag ¢énables the BPEL
process to inform the service consumer or in our case thalgwdor of the service
failure and finish processing gracefully (see Section 272.1

The coordinator checks whether all BPEL service composstizave failed in the
following way:

Listing 4.19: Using all available service compositions

1 <assign >

2 <copy>

3 <from expression=" '5""/>

4 <to variable="max_tries"/> <} type="xsd:integer~—>

5 </copy>

s <copy>

7 <from expression=" '1""/>

8 <to variable="tries"/> <l— type="xsd:integer*~—>

9 </copy>

10 </assign>

u <while condition="bpws:getVariableData(’'v_clientResponsé’,
successful ')!I=true () and bpws:getVariableData('triexlt
;=bpws:getVariableData('max_tries ') ">

12 <sequence >

13 <l— get ranking and invoke on selected bookibx —>

14 <assign >

15 <copy>

16 <from expression="bpws:getVariableData( ' tries ’')+1"/>
17 <to variable="tries"/>

18 </copy>

19 </assign >

20 </sequence >
2 </while>

Assuming that the coordinator has five BPEL service comjpositto coordinate, this
number is kept inmax_tri es while tries is counted up from one to maximal
five. A while loop checks whether the previously selected BRErvice composi-
tion was successful and if all available BPEL service cortjmos were used (line
11 in[Listing 4.19). After using a BPEL service compositibe vvariablet ri es is
incremented by one (lines 14-19). Prior to invoking the RaglService again, the co-
ordinator sets thef ai | edSer vi ce parameter up again. The Listing 4.20 assumes
that the selected service is keptin servi ce . The fai | edSer vi ce variable

is then a concatenation of all previously failed service positions separated by “//”
with v_service:

Listing 4.20: Creating string for failed services to pas&smkingService

1 <assign name="SetUp_FailedServices_Array">

2 <copy>

3 <from expression="concat(bpws:getVariableData(’
v_rankRequest’', 'failedService ) ,
bpws:getVariableData('v_service’) , '//")" >

4 <to part="failedService" variable="v_rankRequest"/>

5 </copy>
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e </assign>

4.4.5 Transitioning between Different Service Types

As described ih Section 3.4.4, the transitioning betweéerdint service types can ei-
ther include simple XPath based transformations or theciation of another service to
retrieve required service types. As this task is performehé coordinator that must be
specified individually by a service provider for each conedéd service composition,
no implementation was required at this stage of the delbtera

4.5 Summary

In this chapter we presented our implementation of the doatin architecture. An
introduction to the development environment was given ictiSa 4.1.

[Section 4.2 detailed technical aspects of the coordinatiohitecture along with
each of its components. The deployment of coordinated BRIflice compositions
was presented in Section 4.3. The DAR file that is used to ¢gepRE services to
the Servent was extended byser vi ce- conposi ti on folder that contains all
service composition relevant information (Section 4.3.A)so, the deployment de-
scriptor had to be enhanced to supply the Servent with irdtion about the BPEL
service compositions (Section 4.8.2). The Deployerimpkf®n 4.3.3) was updated
to use this information to deploy BPEL service compositioritie correct order to the
ActiveBPEL engine. A BPEL specific suffix was added to the ket the Servent uses
for correlating incoming requests with deployed servicgances.

Section 4.4 depicted the consumption of coordinated BPEkicGEcompositions.
Incoming requests for BPEL service compositions to the &drare delegated to the
BPELAdapter. The BPELAdapter transforms the object ssetibn call into a SOAP
call (Section 4.4]1) and invokes the BPEL process. After EIBProcess has finished
the BPELAdapter transforms the result back into the coffieratat for DBE services.

At execution-time, the coordinator uses the Ranking Sertdaetrieve the highest
ranked BPEL service composition. The Ranking Service r@adsranking configu-
ration file and randomly selects one BPEL service compas{i®ection 4.4.2). If a
BPEL service composition fails, the Ranking Service is aotgd again. It excludes
the failed BPEL service composition from the list of avaitabervices and repeats the
selection process.

The customised InvokeHandler (Section 414.3) has to stRRIE services as well
as standard Web services and therefore extendd#¢fievokeHandl er class in the
ActiveBPEL engine. The InvokeHandler must first decidestivethe invocation con-
cerns a DBE service or a standard Web service. To invoke a [@BEcg, a Proxy for
the supplied SMID must be discovered and downloaded. Thesbpatt serialisation
call for this Proxy must be set up and invoked. The returneditenust be assigned to
the correct variables in the BPEL process.

[Section 4.4.4 described the implementation of the faillmadting mechanisms
that the coordination architecture uses to provide ine@éasilure resilience. The fail-
over to another service instance of the same service typgreebjan extension of the
Cl i ent Hel per class to return a set of Proxies instead of only one. With@ th
InvokeHandler, an error in one service instance initialedfail-over to another service
instance if more than one is available. The second failunellirag mechanism required
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work in the BPEL definition of the coordinator. The coordoratvas implemented to
repeat the process to select one BPEL service compositibntiaé Ranking Service
and delegate the request to it until either one invocatiosuiscessful or all BPEL
service compositions have failed.
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Chapter 5

Evaluation

This chapter reports on the evaluation of the coordinatiohitecture in the DBE based
on the requirements that we presented in Section 3.1. Thelioadion architecture is

evaluated with respect to service composition reliab{gction 5.8), failure resilience
[Section 5.4 and ease of use for consumers (Section 5.5). 8\fevaslients that invoke

concurrently on the coordination architecture to measuceess and failure rates for
the clients. The same test is carried out for simple serditepositions to compare
the results. Also, the success rate for a service instaileavier mechanism is evalu-
ated. Finally, we measure the performance for clients frioenstart of an invocation

until a reply is received to rate the deterioation of the damation architecture on the
experience delay by consumers.

5.1 Meeting the Requirements

In[Section 3.1, a set of requirements were identified for thardination architecture.
The following list depicts each individual requirement andlines how they were met.

1. Open-source environment and standards-based:
The implementation of the coordination architecture wése®d by using open-
source projects, such as the ActiveBPEL engine to executel Bifocesses.
Where possible, standards or emerging standards such as, BPEDL and
SOAP are used. The coordination architecture uses BPELlplamh constructs
to implement the coordinator.

2. Increased service composition reliability:
In order to achieve an increased service composition riétigtseveral BPEL
service composition are deployed that offer equivalentfienality. The coordi-
nator can choose the highest-ranking one and delegateciing request to it.
If one BPEL service composition fails, the coordinator cadirect the request
to the next highest BPEL service composition.

3. Failure resilience:
As several redundant BPEL service compositions are degltha can replace
each other, the failure resilience is increased. Also, &t that several DBE
service instances can implement the same service type afiddovered via the
same SMID increases the failure resilience.
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4. Ease of use for consumers:
The ease of use for service consumers is increased by affanitincreased ser-
vice composition reliability. If a service compositionlfaia service consumer
would have to try and find another service that suits his requénts. A service
provider that uses the coordination architecture can rethee need for this to a
minimum while keeping consumers unaware of most serviderés.

5.2 Evaluation Scenario

In order to evaluate the coordination architecture, a nurob#est services were cre-
ated| Figure 5.1 illustrates the scenario for evaluatiegatithitecture.

% _______________ >| booking | —————— >| ranking-service |
T

Service

I
I
Consumer M

-------- T S
N /__| booking-12 L 7
N V i ’/’
™~ /\(\\ﬁ_ booking-14 S AN
T g .
fighes - [ booking s ]t

Figure 5.1: Service usage for evaluation

The booki ng service is the coordinator that coordinates the executiofiife
other BPEL service compositiortsooki ng- 11, booki ng- 12, booki ng- 13,
booki ng- 14 and booki ng- 15 . Each BPEL service composition depends upon
three DBE services, a flight and hotel booking service andaaileservice that is used
to send a receipt to a service consumer after a successfuingpoAvailable DBE
services are three different flight booking servicesi ght-1, flight-2 and
flight-3 and three different hotel booking servicé®t el -1, hotel -2 and
hotel -3.Theflight-2 andhot el - 2 service differ from the other services in
using complex types. The email servicesyai | - 1 and emai | - 2, are instances
of the same service type and use the same SMID so that a filtoanother service
instance can be shown.

For the evaluation scenario it is assumed that failuresadursing a flight or hotel
booking service result in a complete failure of a BPEL sex\domposition. A failure
in a email service does not affect the booking process andbeaonsidered a partial
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failure of a BPEL service composition as a service consunikstill receive the book-
ing reference. The evaluation results show how many timesauwmner did not receive
an email receipt.

As illustrated in Figure 5/2 (a), the coordinator receivagquest from a service
consumer and retrieves a ranking from the ranking servidee donsumer’s request
is then delegated to the selected BPEL service composhitdren the selected BPEL
service composition returns to the coordinator it decidiesttver the booking was suc-
cessful or not. If the booking was successful, the servigesamer is returned the
booking information. Otherwise, the coordinator check®thikr all available BPEL
service compositions where used or not. If not all BPEL serviompositions have
failed, a new ranking is retrieved, excluding previoushjefd BPEL service composi-
tions, and the execution is continued with the next seleBfIEL service composition.
If all available BPEL service compositions have failed, gaté/e reply is sent to the
service consumer.

Figure 5.2 (b) shows the BPEL process for a coordinated BRiElice composi-
tion. The BPEL process attempts to book a flight. If a flight barbooked, the BPEL
process tries to book a room in a hotel as well. If this booldngceeds, the BPEL
process sends a receipt of the booking to the service comsugren email and returns
to the coordinator. Otherwise, the BPEL process cancelpriagously booked flight
and returns to the coordinator with the result that the bogkailed.

make
make Booking
Booking
book
Flight

Ranking

setup
failure

booking-11
booking-12
booking-13
booking-14

booking-15

cancel
Flight

send
Mail

return return
L ok J L not ok

booking

booking
L not ok

is ok

t

(a) coordinator booking service (b) individual booking service sam-
ple

Figure 5.2: State diagrams for coordinator and coordinsgegice composition

Each scenario is run in the following way: Five service caonsts are each con-
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currently invoking 500 calls on the coordinated booking&sr. To compare the result
with not coordinated service compositions, each individioking service is tested
under the same constraints. Table 5.1 gives an overvieweahthluation scenarios.

| scenario|| tested compositior} service failures % clients/calls|| composition type]

A booking 5, 10, 20, 40 5/500 coordinated

B booking-11 5,10, 20, 40 5/500 non-coordinated
C booking-12 5, 10, 20, 40 5/500 non-coordinated
D booking-13 5,10, 20, 40 5/500 non-coordinated
E booking-14 5, 10, 20, 40 5/500 non-coordinated
F booking-15 5, 10, 20, 40 5/500 non-coordinated

Table 5.1: Description of the Evaluation Scenarios

5.2.1 Setting up the Service Failure Rates

The described evaluation scenario was run for the four seif@ilure rates 5%, 10%,
20% and 40%. To achieve a random failure within a service dieviing code was
used:

Listing 5.1: Random failure of service with a percentage

1 Random rnd =new Random fiew Date () .getTime ());

2 int randomVal = rnd.nextlnt(100);// returns 0 >= randomVal
< 100

s if (randomVal < 5) { // FAILURE-RATE = 5%

4 [l fail service ...

5

6

}

/!l continue with normal execution...

The difference between the real service failure rate andmieethat is set is shown
in|Appendix B. The values were taken from evaluation scenArirunning the test
clients for a coordinated BPEL service composition. Thelteshows that the random
failure in/Listing 5.1 achieves the aimed at service failate well.

5.2.2 Measure Points

Specific measure points are defined to evaluate and compaudifterent scenarios.
Figure 5.3 gives an overview of these measure points.

Servent r_o_}o;' ect Ser | DBE Service
[¢llh1@Object Ser _|Proxy !
10bject Ser Coordinator |___J] Invoke | ________
! Handler | soar

I
l ! '
> Bpel SOAP ! i Service

Adapter L - > Composition

Figure 5.3: Measure points at test-time for evaluation
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The most important measure point is the Client (black boxjhWeach Client the
success and failure rates are counted to make a statementiadeervice composition
reliability with and without using the coordination araiture. Also, the duration of
each invocation is measured in the Clients by logging thet ated end of an invocation
in conjunction with the success/failure status. Log4J [@8k used for the logging
in the Clients. The accuracy that can be achieved dependsegmetformance of the
host computer CPU and the accuracy of Log4J. The duratiom®itant to make
a statement about the performance deterioration of Cligratisuse the coordination
architecture.

Two other measure points are configured in the InvokeHaraaldreach DBE ser-
vice (grey boxes). These points only measure the succedsiture rates because the
performance proved to be too diminutive to measure. Theesscand failure status of
each invocation is stored in a HSQLDB database [31]. WithenDBE services, the
measure point can be used to prove that each service igfailth the set failure rate.
The InvokeHandler knows about all invocations that any BRELvice composition
invokes. Therefore, the measure point allows to make amtateabout the evenly
distribution of incoming requests to all coordinated seexdompositions. Also, the in-
creased usage of the coordination architecture with tlivegrigervice failure rates can
be proved.

5.2.3 Ranking Configuration
The ranking configuration that is used for the evaluationispldyed in Listing 5.2.

Listing 5.2: Ranking configuration for evaluation

1 <rankingProperties >

> <rankingInformation >

3 <serviceRanking >

4 <serviceName >bookingll</serviceName>
5 <probability >0.1 </probability >

6 </serviceRanking >

7 <serviceRanking >

8 <serviceName >bookingl2</serviceName >
9 <probability >0.3 </probability >

10 </serviceRanking >

1 <serviceRanking >

12 <serviceName >bookingl3</serviceName >
13 <probability >0.5 </probability >

14 </serviceRanking >

15 <serviceRanking >

16 <serviceName >bookingl4</serviceName >
17 <probability >0.7 </probability >

18 </serviceRanking >

19 <serviceRanking >

20 <serviceName >bookingl5</serviceName >
21 <probability >0.9 </probability >

22 </serviceRanking >

23 </rankinglnformation >
24 </rankingProperties >

The chosen probability values enable to select all cootdthBPEL service composi-
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tions with an equal chance. The graphics in Figure 5.4 shaivathcompositions are
equally chosen by the coordinator. Another characteristibat the overall usage in-
creases with higher service failures as the coordinataidfasd-over to another service
composition more often. Detailed values can be found inel&bp.

(a) service failure 5 percent (b) service failure 10 percent

1266
805 1282

819 1317

(c) service failure 20 percent (d) service failure 40 percent

Figure 5.4: Usage of coordinated service compositions fdr®5 20 and 40 percent
service failures

The usage of the Ranking Service is shown in Figure 5.5 (Sele Tal for detailed
values). The minimum number that the Ranking Service isgtirbe called is 2500
times, 500 for each client. The usage of the Ranking Serviceeases linearly with
higher service failures.

5.2.4 Evaluation Environment

All evaluation experiments presented in this deliveraldeehbeen conducted by im-
plementing the selected scenarios as prototypical agigica The booking service
compositions and the coordinator have been implemented B®Epliant. Each of

the hotel, flight and email services is realised as a DBE semd discovered via their
SMID. As FADA currently has scalability issues, the sergibad to be hosted on one
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Figure 5.5: Ranking service usage

computer only, running the Linux (Ubuntu) operating systama 3GHz Intel Pentium
IV processor.

5.3 Service Composition Reliability

In order to achieve increased service composition reltghdur approach may deploy
several BPEL service compositions with equivalent furrdidy. The coordinator can
choose the highest-ranking one and delegate the incomingese to this service. If
one BPEL service composition fails, the coordinator carreetia request to the next
highest BPEL service composition. The following subsedidlustrate how the ser-
vice composition reliability of coordinated and non-cdoeted service compositions
is affected by different service failure rates. Detailesufes of successes, failures and

client failures % for individual clients can be found in Apyix Al This section gives
a summary of all five clients for each evaluation scenario.

5.3.1 5% Service Failure

This section displays the results for a 5% service failute far all used services.
Table 5.2 gives an overview of the success rate for clienthifiscenario. The pre-
sented values are a sum of the results for the individuattslie
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fasili rrvelge% success| failures | total calls | client failures %
Coord 5 2500 0 2500 0
Book-11 5 2264 236 2500 9.44
Book-12 5 264 2236 2500 10.56
Book-13 5 255 2245 2500 10.2
Book-14 5 244 2256 2500 9.76
Book-15 5 265 2235 2500 10.6

Table 5.2: Client results with and without using architeetior 5 % service failure

The client failure rate is calculated with the following edjon:
EQ-1: client Failures = (failures x 100) /totalCalls

As it can be seen, the success rate of clients that use thdication architecture
is a 100%. Despite service failures, the coordination &chire can guarantee full
service composition reliability whereas all other sengoenpositions exhibit a failure
rate of 9.44% to 10.6%.

5.3.2 10% Service Failure

This section displays the results for a 10% service failate for all used services.
Table 5.3 gives an overview of the success rate for clientsignscenario.

service . client
failures % success failures | total calls failures %
Coord 10 2500 0 2500 0

Book-11 10 2027 473 2500 18.92
Book-12 10 2029 471 2500 18.84
Book-13 10 2015 485 2500 194
Book-14 10 2047 453 2500 18.12
Book-15 10 2023 477 2500 19.08

Table 5.3: Client results with and without using architeetfor 10 % service failure

As it can be seen, the success rate of clients that use thdigation architecture
is still 100%. Despite service failures, the coordinatiechitecture can guarantee full
service composition reliability whereas all other servimenpositions only succeed
with a 81% chance.

5.3.3 20% Service Failure

This section displays the results for a 20% service failate for all used services.
Table 5.4 gives an overview of the success rate for clientsignscenario.
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service . client
failures % success| failures | total calls failures %
Coord 20 2485 15 2500 0.6

Book-11 20 1624 876 2500 35.04
Book-12 20 1571 929 2500 37.16
Book-13 20 1583 917 2500 36.68
Book-14 20 1631 869 2500 34.76
Book-15 20 1587 913 2500 36.52

Table 5.4: Client results with and without using architeetior 20 % service failure

As it can be seen, the success rate of clients that use theication architecture is
99%. Despite service failures, the coordination architectan guarantee nearly full
service composition reliability whereas all other servicenpositions only succeed
with a 65% chance.

5.3.4 40% Service Failure

This section displays the results for a 40% service failate for all used services.
Table 5.5 gives an overview of the success rate for clientsignscenario.

service . client
failures % success| failures | total calls failures %

Coord 40 2273 227 2500 9.08
Book-11 40 895 1605 2500 64.2
Book-12 40 870 1630 2500 65.2
Book-13 40 894 1606 2500 64.24
Book-14 40 940 1560 2500 62.4
Book-15 40 882 1618 2500 64.72

Table 5.5: Client results with and without using architeetior 40 % service failure

As it can be seen in success rate of clients that use the caiah architecture is
91%. Despite massive service failures, the coordinatichitacture can guarantee a
good failure resilience whereas all other service comjprsitonly succeed with a 36%
chance. The result for the coordinated service composiiactually better then the
achievement for non-coordinated service composition&b gervice failure rate.

5.4 Failure Resilience

As we stated in Section 3.1, one of the main goals of the coatitin architecture is to
achieve better failure resilience. This was achieved bytiestep failure handling that
was introduced in Section 3.4.3. The results of successitg s and client failures %
for individual clients can be found A. This sextigives a summary of all
five clients for each evaluation scenario.

The failure rate has to be considered for the two failure hiaganechanisms that
were introduced in Figure 3.11. The first mechanism can be ifis@e service type is
implemented by more then one service instance. The resulthiE mechanism will
be displayed ih Section 5.4.1.
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The second mechanism is used within the coordinator tafagl-to another BPEL
service composition if a selected BPEL service compositda. The results for this
mechanism will be displayed in Section 5.4.2.

5.4.1 Fail-over to another Service Instance

The email service type is implemented by the two serviceaimstsemai | - 1 and
emai | - 2. This enables the fail-over to the other service instanoedfails, the first
failure handling mechanism that was described in Sectiér83The expected failure
rate for the email service type is thereby reduced from threege service failure rate
and can be calculated with the following equation:

EQ-2: expectedFailure = service Failure x serviceFailure x 100
The real failure rate for the email service is calculatedhwliie following equation:
EQ-3:real Failure = (noReceipt * 100)/client Success

The fail-over to another service instance is used by coatdthand non-coordinated
service compositions. As the results will show, this faltiandling mechanism per-
forms better for a low service failure rate. This can alsotowen mathematically with
the following equation:

EQ4:improvement = serviceFailure/expectedFailure

The following subsections will provide the results for thH#atent service failure
rates.

5.4.1.1 5% Service Failure

As the results in Table 5.6 show, the failure rate of a seriaeuses fail-over to other
service instances offer a 20 times better failure resikefor the email service type,
e.g. a service failure rate of 5% is reduced to 0.25%.

service email client no receipt no receipt | no receipt
failures % | success success (exp) % (real) %
Coord 5 2495 2500 5 0.25 0.2
Book-11 5 2257 2264 7 0.25 0.31
Book-12 5 2235 2236 1 0.25 0.04
Book-13 5 2237 2245 8 0.25 0.36
Book-14 5 2251 2256 5 0.25 0.22
Book-15 5 2233 2235 2 0.25 0.09

Table 5.6: No receipt sent for 5 % service failure

5.4.1.2 10% Service Failure

As the results in Table 5.7 show, the failure rate of a serfiaguses fail-over to other
service instances offer a 10 times better failure resikefoc the email service type,
e.g. a service failure rate of 10% is reduced to 1%.
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service email client no receipt no receipt | no receipt
failures% | success success (exp) % (real) %
Coord 10 2476 2500 24 1 0.96
Book-11 10 2005 2027 22 1 1.09
Book-12 10 2000 2029 29 1 1.43
Book-13 10 1991 2015 24 1 1.19
Book-14 10 2014 2047 33 1 1.61
Book-15 10 2004 2023 19 1 0.94

Table 5.7: No receipt sent for 10 % service failure

5.4.1.3 20% Service Failure

As the results in Table 5.8 show, the failure rate of a serfiaeuses fail-over to other
service instances offer a five times better failure resiéefor the email service type,
e.g. a service failure rate of 20% is reduced to 4%.

service email client no receipt no receipt| no receipt
failures % | success success (exp) % (real) %
Coord 20 2402 2485 83 4 4.5
Book-11 20 1551 1624 73 4 3.34
Book-12 20 1518 1571 53 4 3.37
Book-13 20 1533 1583 50 4 3.16
Book-14 20 1533 1631 98 4 6.01
Book-15 20 1515 1587 72 4 454

Table 5.8: No receipt sent for 20 % service failure

5.4.1.4 40% Service Failure

As the results in Table 5.9 show, the failure rate of a seriaeuses fail-over to other
service instances offer a two and a half times better faitasdience for the email
service type, e.g. a service failure rate of 40% is reducd®%.

service email client . no receipt | no receipt
failures % | success success | N0 receipt (exp) % (real) %

Coord 40 1984 2273 289 16 12.71
Book-11 40 733 895 162 16 18.1
Book-12 40 725 870 145 16 16.67
Book-13 40 747 894 147 16 16.44
Book-14 40 747 940 193 16 20.53
Book-15 40 733 882 149 16 16.89

Table 5.9: No receipt sent for 40 % service failure
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5.4.2 Fail-over to another Service Composition

The second failure handling mechanism that the coordinatiohitecture uses is the
fail-over to another service composition. As several ret#um BPEL service compo-
sitions are available this approach offers a much bettérréaresilience/ Figure 5.6
gives an overview of the failure resilience for clients theg¢ the coordination architec-
ture and those that do not. The graphic is based on the rekattsvere presented in

Section 5.3.
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Figure 5.6: Client success with and without using coordamearchitecture

It can be seen that the coordination architecture imprdvegdilure resilience sig-
nificantly. For 5% and 10% service failures, the coordimatochitecture can com-
pletely hide any failures from a service consumer. Even @@ service failures the
coordination architecture achieves a nearly full failugsilience. The result for 40%
service failures is interesting as the coordination aechitre still achieves a better fail-
ure resilience in this unstable environment then uncoatdithservice compositions at
5% service failures.

5.5 Ease of Use for Service Consumers

The ease of use for service consumers is improved becaulszteseservice composi-
tion that uses the coordination architecture can offer amhigher service composition
reliability (see Section 5]3) and failure resilience (seet®n 5.4). A service consumer
remains unaware that the coordinating architecture is aseslen that a service com-
position is used at all.

If a service composition fails, a service consumer wouldehtavdiscover another
service that suits his requirements. The discovery andtateof a new service will
take some time and is likely to annoy service consumers. Mekyéhe usage of the
coordination architecture also introduces a delay for siserconsumer, Figure 5.7
shows the minimal, maximal and mean performance times fercthordinated and
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non-coordinated evaluation scenarios. The completeteefarl the individual clients

can be found in Appendix D.
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service failure rate %

(c) mean performance

Figure 5.7: Minimal, maximal and mean performance

Due to the setup of the examples a complete failure can bewdised much quicker
in the non-coordinated service compositions. This exgl#ie quicker execution at a
higher service failure rate as a service composition is rikeéy to fail straight-away.
On the other hand, the coordinator will try all availablevée® compositions, which
causes the experienced delay and increases with a highéresilure rate as a fail-
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over to another service compositions becomes more likely.

The mean performance time for coordinated service corriposishows an overall
delay of 2-3 seconds. The overall delay can be considerednmaircompared with
the gained ease of use for service consumers. However, waigagion was run in
the optimal environment of only one computer. Distributihg services across several
computers can introduce more delays that cannot be artgcipéthin this deliverable.
This remains to be done in future work.

5.6 Summary

This chapter described an evaluation of our coordinatichitecture. The evaluation
criteria included service composition reliability, faiuresilience and ease of use for
consumers.

The service composition reliability was evaluated for therfdifferent service fail-
ure rates. The coordination architecture proved to be viéegteve on improving the
service composition reliability. For 5% and 10% servicdufi@s, the coordination
architecture could still guarantee a 100% reliabilitylife to 99% at 20% service fail-
ures. Even at the highest service failure rate of 40% coddtiordination architecture
achieve a better service composition reliability than acoatrdinated service compo-
sition at the lowest service failure rate of 5%.

The failure resilience was evaluated for the two differaiiufe handling mecha-
nisms, fail-over to another service instance and fail-ageanother service composi-
tion. The first failure handling mechanism increases therairesilience for specific
service types. The achieved improvement is good for lowiserfailures and still
acceptable for the highest service failure rate of 40%.

The second failure mechanism proved to be very effectivdditure resilience.
As presented for service composition reliability, the aboation architecture achieves
a better failure resilience even at the highest servicerfaitate of 40% could than a
not coordinated service composition at the lowest senaiere rate of 5%. However,
the experienced delay for service consumers increased doyt 63 seconds overall
for using the coordination architecture within an optindisvaluation environment.
The overall delay appears negligible considering the gheese of use for service
consumers.
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Chapter 6

Conclusion

This deliverable described the design and implementatiaamordination architec-
ture to support service compositions in the unstable seawailability environment of
the DBE. The coordination architecture was evaluated vadpect to higher service
composition reliability, failure resilience and ease of frer consumers.

This chapter summarises the work described in this deliterand outlines its
contributions to the state of the art. This deliverable &tboncluded with a discussion
of related research issues that remain open for future work.

6.1 Document Summary

introduced the problem of providing reliable aaitfe resilient service
compositions in the DBE. It motivated the challenges of igalvith unstable avail-
ability of services for designing service compositions] #me use of standard-based
and open-source technologies. Based on the high-leves doakoordinating Web
service compositions, their implementation into the dbntions of this deliverable
was stated. The contributions covered the design and ingsi@tion of the coordi-
nation architecture to coordinate BPEL service compasitend the evaluation of the
coordination architecture.

Chapter 2 provided background information for the DBE amdise compositions.
Two service composition languages were introduced and aocsap Finally, four re-
lated approaches to service compositions were detailecezaidated based on their
usage for the DBE project.

Chapter 3 we defined the requirements that were identifiethéocoordination ar-
chitecture. The following sections described the funalanodel of the architecture
and the architecture overview, elaborating on the desigheoindividual components
that participate in the deployment and execution processoffdinated service com-
positions. Finally, the advanced failure handling meckiausiwere defined.

Chapter 4 detailed the implementation of the different congmts that support
the coordination architecture. The implementation presgeim this chapter was based
mainly on Java and used the ActiveBPEL engine for executifgIBservice compo-
sitions.

Finally in/Chapter 5, we presented an evaluation of the doatibn architecture.
In separate sections, we evaluated how our architectuiie\ashthe objectives from
the requirements for service composition reliability)deé resilience and ease of use
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for consumers.

6.2 Contributions

This deliverable addressed the problem of developing adioation architecture for

the DBE with the capability to support service compositionder constantly changing
availability of services. The main contributions of thididerable are the coordination
architecture, introducing a coordinator and a ranking isereomponent, advanced
failure handling mechanisms and the evaluation of the doatin architecture that

demonstrated the higher service composition reliabiléijure resilience and ease of
use for service consumers.

The coordination architecture introduced the coordingi@nable automatic fail-
over to another service composition at run-time. This wdsesed by deploying
several service compositions that offer equivalent fumality while using different
services within their composition as a set that is repregskand coordinated by the co-
ordinator. The coordinator receives a consumer’s requesthooses at run-time the
highest ranked service composition out of the providedl$etselected service com-
position fails, the coordinator determines the next highesked service composition
and redirects the consumer’s request to this service catiggosThe Ranking Ser-
vice was introduced within the coordination architectuws@dight-weight Web service
that has access to QoS information for services within th&Dd&ich as failure and
performance history of a service that can be used to createking of available and
equivalent services. This functionality can be used by thardinator to retrieve the
highest ranked service out of a given set of services anddatefihe QoS information
about a service for example after a service failure.

The coordination architecture contributed a two-stepufaihandling mechanism.
The first failure handling mechanism provided fail-over twther service instance
while the second failure handling mechanism provided da#é+f to another service
composition, which is provided by the already summarisearadioator component.
The first mechanism took advantage of the fact that servidthéwthe DBE are iden-
tified by a unique identifier and their endpoint informatisnétrieved dynamically at
run-time. If more than one service instance implementsahgesservice type it reuses
this identifier. Therefore, at run-time there might be salvservice instances available
for the same service type, which enables the coordinatiomitacture to fail-over to
another service instance.

Finally, this deliverable contributed an evaluation of tw@rdination architecture
with respect to service composition reliability, failuresilience and ease of use for
consumers. The coordination architecture was run with 53%9,120% and 40% ser-
vice failures and compared with individual service composs. The result showed
that the coordination architecture could absorb servitderés of 5% and 10% com-
pletely while service failures of 20% were covered with a 9%arantee. Even service
failures of 40% resulted in a 91% reliability, which is a leettesult than for individual
service compositions at 5% service failures (90%). Howetrer usage of the coor-
dination architecture at a high percentage of servicerislcaused a deterioration of
performance.
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Appendix A

Client Results

A.1 Client Results for Coordinated Service Composi-

tions
sgrwce success failures C|I.eht total
failures % failures % | calls
Client-1 5 500 0 0 500
Client-2 5 500 0 0 500
Client-3 5 500 0 0 500
Client-4 5 500 0 0 500
Client-5 5 500 0 0 500
Client-1 10 500 0 0 500
Client-2 10 500 0 0 500
Client-3 10 500 0 0 500
Client-4 10 500 0 0 500
Client-5 10 500 0 0 500
Client-1 20 493 7 1.4 500
Client-2 20 499 1 0.2 500
Client-3 20 496 4 0.8 500
Client-4 20 498 2 0.4 500
Client-5 20 499 1 0.2 500
Client-1 40 451 49 9.8 500
Client-2 40 457 43 8.6 500
Client-3 40 453 47 9.4 500
Client-4 40 462 38 7.6 500
Client-5 40 450 50 10 500

Table A.2: Client results for coordinator
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A.2 Client Results for Booking-11 Service Composition

se_rwce succesd failure cll_ent total
failures % failures % | calls
Client-1 5 452 48 9.6 500
Client-2 5 442 58 11.6 500
Client-3 5 457 43 8.6 500
Client-4 5 455 45 9 500
Client-5 5 458 42 8.4 500
Client-1 10 395 105 | 21 500
Client-2 10 415 85 17 500
Client-3 10 413 87 17.4 500
Client-4 10 414 86 17.2 500
Client-5 10 390 110 | 22 500
Client-1 20 329 171 | 34.2 500
Client-2 20 322 178 | 35.6 500
Client-3 20 319 181 | 36.2 500
Client-4 20 330 170 | 34 500
Client-5 20 324 176 | 35.2 500
Client-1 40 172 328 | 65.6 500
Client-2 40 181 319 | 63.8 500
Client-3 40 173 327 | 65.4 500
Client-4 40 177 323 | 64.6 500
Client-5 40 192 308 | 61.6 500

Table A.4: Client results for booking-11 service (not capaded)
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A.3 Client Results for Booking-12 Service Composition

Service success failures cll_ent total
failures % failures % | calls
Client-1 5 447 53 10.6 500
Client-2 5 439 61 12.2 500
Client-3 5 459 41 8.2 500
Client-4 5 449 51 10.2 500
Client-5 5 442 58 11.6 500
Client-1 10 398 102 20.4 500
Client-2 10 421 79 15.8 500
Client-3 10 404 96 19.2 500
Client-4 10 404 96 19.2 500
Client-5 10 402 98 19.6 500
Client-1 20 304 196 39.2 500
Client-2 20 311 189 37.8 500
Client-3 20 311 189 37.8 500
Client-4 20 330 170 34 500
Client-5 20 315 185 37 500
Client-1 40 149 351 70.2 500
Client-2 40 175 325 65 500
Client-3 40 182 318 63.6 500
Client-4 40 174 326 65.2 500
Client-5 40 190 310 62 500

Table A.6: Client results for booking-12 service (not capaded)
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A.4 Client Results for Booking-13 Service Composition

se_rwce success failures cll_ent total
failures % failures % | calls
Client-1 5 447 53 10.6 500
Client-2 5 443 57 11.4 500
Client-3 5 449 51 10.2 500
Client-4 5 451 49 9.8 500
Client-5 5 455 45 9 500
Client-1 10 399 101 20.2 500
Client-2 10 408 92 18.4 500
Client-3 10 408 92 18.4 500
Client-4 10 402 98 19.6 500
Client-5 10 398 102 20.4 500
Client-1 20 313 187 37.4 500
Client-2 20 316 184 36.8 500
Client-3 20 326 174 34.8 500
Client-4 20 309 191 38.2 500
Client-5 20 319 181 36.2 500
Client-1 40 146 354 70.8 500
Client-2 40 179 321 64.2 500
Client-3 40 184 316 63.2 500
Client-4 40 187 313 62.6 500
Client-5 40 198 302 60.4 500

Table A.8: Client results for booking-13 service (not capaded)
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A.5 Client Results for Booking-14 Service Composition

Service success failures cll_ent total
failures % failures % | calls
Client-1 5 458 42 8.4 500
Client-2 5 458 42 8.4 500
Client-3 5 442 58 11.6 500
Client-4 5 449 51 10.2 500
Client-5 5 449 51 10.2 500
Client-1 10 404 96 19.2 500
Client-2 10 408 92 18.4 500
Client-3 10 405 95 19 500
Client-4 10 411 89 17.8 500
Client-5 10 419 81 16.2 500
Client-1 20 328 172 34.4 500
Client-2 20 311 189 37.8 500
Client-3 20 321 179 35.8 500
Client-4 20 342 158 31.6 500
Client-5 20 329 171 34.2 500
Client-1 40 185 315 63 500
Client-2 40 184 316 63.2 500
Client-3 40 211 289 57.8 500
Client-4 40 176 324 64.8 500
Client-5 40 184 316 63.2 500

Table A.10: Client results for booking-14 service (not ainated)
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A.6 Client Results for Booking-15 Service Composition

Client-5 10 398 102 20.4 500
se_rwce success failures cll_ent total
failures % failures % | calls

Client-1 5 451 49 9.8 500

Client-2 5 452 48 9.6 500

Client-3 5 442 58 11.6 500

Client-4 5 445 55 11 500

Client-5 5 445 55 11 500

Client-1 10 391 109 21.8 500

Client-2 10 414 86 17.2 500

Client-3 10 414 86 17.2 500

Client-4 10 406 94 18.8 500

Client-1 20 321 179 35.8 500

Client-2 20 309 191 38.2 500

Client-3 20 336 164 32.8 500

Client-4 20 324 176 35.2 500

Client-5 20 297 203 40.6 500

Client-1 40 171 329 65.8 500

Client-2 40 179 321 64.2 500

Client-3 40 197 303 60.6 500

Client-4 40 174 326 65.2 500

Client-5 40 161 339 67.8 500

Table A.12: Client results for booking-15 service (not ainated)

D17.4 The Automatic Composer 97/116



DBE Project (Contractt507953)

Appendix B

Failure Rates

B.1 Difference Between Set and Real Service Failures

at 5%

set failure- failures total real failure-

rate % calls rate %
email-1 5 68 1335 5.09
email-2 5 69 1297 5.32
hotel-1 5 63 1055 5.97
hotel-2 5 33 536 6.16
hotel-3 5 55 1060 5.19
flight-1 5 59 1108 5.32
flight-2 5 57 1118 51
flight-3 5 27 568 4.75

Table B.1: Service usage and real failure rate for 5%

B.2 Difference Between Set and Real Service Failures

at 10%

set failure- failures total real failure-

rate % calls rate %
email-1 10 139 1378 10.09
email-2 10 146 1383 10.56
hotel-1 10 128 1135 11.28
hotel-2 10 69 547 12.61
hotel-3 10 104 1119 9.29
flight-1 10 118 1220 9.67
flight-2 10 132 1249 10.57
flight-3 10 64 646 9.91

Table B.2: Service usage and real failure rate for 10%
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B.3 Difference Between Set and Real Service Failures

at 20%

set failure- failures total real failure-

rate % calls rate %
email-1 20 291 1537 18.93
email-2 20 305 1461 20.88
hotel-1 20 269 1234 21.8
hotel-2 20 126 636 19.81
hotel-3 20 238 1258 18.92
flight-1 20 306 1511 20.25
flight-2 20 292 1567 18.63
flight-3 20 175 823 21.26

Table B.3: Service usage and real failure rate for 20%

B.4 Difference Between Set and Real Service Failures

at 40%

set failure- failures total real failure-

rate % calls rate %
email-1 40 625 1597 39.14
email-2 40 619 1631 37.95
hotel-1 40 586 1512 38.76
hotel-2 40 328 806 40.96
hotel-3 40 580 1525 38.03
flight-1 40 960 2496 38.46
flight-2 40 990 2501 39.58
flight-3 40 486 1282 37.91

Table B.4: Service usage and real failure rate for 40%
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Appendix C

Ranking Results

C.1 Usage of Ranking Service

make Ranking min calls additional calls
calls
: :
% service 2794 2500 294
failure
! .
10% service 3115 2500 615
failure
. :
20% service 3886 2500 1386
failure
! .
40% service 6052 2500 3552
failure

Table C.1: Ranking service usage
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C.2 Usage of Coordinated Service Compositions

set failure- failures total real failure-
rate % calls rate %
booking-11 5 35 548 6.39
booking-12 5 27 568 4.75
booking-13 5 30 572 5.24
booking-14 5 24 560 4.29
booking-15 5 27 546 4.95
booking-11 10 53 608 8.72
booking-12 10 64 646 9.91
booking-13 10 62 642 9.66
booking-14 10 65 612 10.62
booking-15 10 70 607 11.53
booking-11 20 137 706 19.41
booking-12 20 175 823 21.26
booking-13 20 154 819 18.8
booking-14 20 169 805 20.99
booking-15 20 138 748 18.45
booking-11 40 500 1230 40.65
booking-12 40 486 1282 37.91
booking-13 40 535 1317 40.62
booking-14 40 460 1266 36.33
booking-15 40 455 1184 38.43

Table C.2: Usage of coordinated BPEL service compositions
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Appendix D

Performance Results

D.1 Performance in Clients for Coordinated Service Com-
position
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Figure D.1: Clients using coordination architecture 5%ierfailure
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D.2 Performance in Clients for Booking-11
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Figure D.5: Clients using Booking-11 5% service failure
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Figure D.6: Clients using Booking-11 10% service failure
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D.3 Performance in Clients for Booking-12
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Figure D.12: Clients using Booking-12 40% service failure
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D.4 Performance in Clients for Booking-13
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Figure D.13: Clients using Booking-13 5% service failure
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D.5 Performance in Clients for Booking-14
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Figure D.17: Clients using Booking-14 5% service failure
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D.6 Performance in Clients for Booking-15
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Figure D.21: Clients using Booking-15 5% service failure
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Figure D.22: Clients using Booking-15 10% service failure
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Figure D.24: Clients using Booking-15 40% service failure
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