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1 Reminder on Service Oriented Architecture 

1.1 Main principles 

The Service Oriented Architecture (SOA) has emerged in the context of enterprise-scale IT 
architecture where there is a strong need for integration of legacy applications. Those 
applications are heterogeneous: they do not use a unique communication protocol, are written 
in different languages, are not built upon a unique design, model (interaction, quality of 
service), etc. Then it is not possible to make them interact directly and rewriting them would 
represent a too great effort (they are the result of years of development and data collection). 
SOA is an architecture style that proposes to expose those applications (any legacy 
application, database, or any new application) as services and to build new applications by 
composing these services. Services can be seen as black boxes (their user does not know 
about their implementation, they can be implemented in any language, any design model) that 
expose and provide their functionalities. In SOA, services can appear and disappear 
dynamically (e.g. it is possible for an application to be composed at runtime depending on 
available services). 
SOA is defined by the W3C consortium as “A set of components which can be invoked, and 
whose interface descriptions can be published and discovered." 
OASIS defines SOA as “A software architecture of services, policies, practices and frameworks 
in which components can be reused and repurposed rapidly in order to achieve shared and 
new functionality. It provides a uniform means to offer, discover, interact with and use 
capabilities to produce desired effects consistent with measurable preconditions and 
expectations." 
In SOA (see fig. 1), functionalities provided by a service are described and exposed in a 
service broker (also named directory). A service consumer that needs a service requests the 
broker for the needed service. The service broker provides to the service consumer a 
reference on one or several services providing the requested service. The service consumer 
invokes directly the service.  
 
 

 

Figure 1 SOA paradigm 
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1.2 SOA Platforms 

Several SOA platforms have been proposed such as: 
• Jini1 is promoted by Sun, it was one of the first service oriented approach (1999). It is a 

framework for dynamic discovery of service over the network. It uses a centralized 
directory to expose object based services. 

• OSGi2 defines a platform to deploy managed and centralized services over home gateways 
and other types of constrained environments (ex: car). It defines a local directory that 
exposes bundles that are deployment units. 

• Web Services are heterogeneous services exposed, through non object specific protocol, 
on the Internet to be used by other applications. Their interfaces and communication 
protocols are standardized by the W3C3. They are referenced in UDDI directories 
reachable from the Internet. 

• UPnP4 (Universal Plug and Play) simplifies the connection of smart devices such as ADSL 
router, Set Top Box,  PDA, etc. Services expose themselves to clients and maintain 
themselves a directory of available services. 

• OpenWings5 aims at providing distributed embedded systems for high availability, secure, 
critical applications. It provides services implemented as Java objects. 

1.3 Advantages and limits  

Advantages of Service-Oriented Architectures are that they can integrate dynamically services 
that have been developed by different companies without knowing each other. Each service 
has simply to be compliant with some protocols such as WSDL or SOAP that are totally 
standardized.  
Nevertheless, services were initially designed to be used by human beings, for example 
consulting information on the Web. Today, there is a huge interest for service composition. 
Such an application, providing an added value to simple service is quite difficult to build and 
manage, particularly if we want services to be added dynamically. Indeed, it is necessary to 
take into account the differences of format that are used by services. Moreover, services that 
have been built to work independently can guarantee a level of quality of service (security, 
transaction, etc). That level is not necessarily guaranteed by the composition of different 
services. In order to solve those problems, it is necessary to provide a software layer between 
services that improves coherence of the system; it is called mediation.  

                                                      
1 http://www.jini.org/ 
2 http://www.osgi.org/ 
3 http://www.w3.org/2002/ws/ 
4 http://www.upnp.org/ 
5 http://www.openwings.org/ 
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2 Mediation 

2.1 General definition 

The mediation is a software layer that stands between clients and services (see fig 2). Its 
purpose is to enable interoperability and integration of service, in other words, to enable a 
client (e.g. consumer, that be may itself a service) to easily and properly use (e.g. request the 
service and consume the provided data) a service. Automatic or semi-automatic ontological 
matching is one of the main functionalities of mediation.  
Usually, the mediation layer is organized as mediations chains that transport the request from 
the client to the service and the answer the other way round. Those mediation chains can be 
decomposed in light weight components called mediators that implement simple operations.  
 

Mediation layer

service

service

Client

mediator

mediator

mediator

 

Figure 2 Mediation 

2.2 Functionalities of mediation 

We have identified four main categories of mediators: control mediation, transformation, QoS 
mediation and SLA enforcement.  
• Control mediation: mediators that influence the progress of the request in the mediation 

chain such as: 

• Pre/post condition  

• If, while, etc 

• Aggregation, Fusion, sharing, duplication, distribution, filter 

• Content-based Dynamic Routing 

• Xpath, Schematron, RuleML, xlinkit 

• Complex routing 

– Multi-hop routes. 

– Routing to clustered services. 

– Error detection, handling, and correction routes. 
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– Version-based routing. 

– User-defined routes, combining and extending any of the above 

• Transformation: mediators that allow services to exchange data even when they have 
different formats such as: 

• Simple transformation (XSLT) 

• Ontology matching  

• Semantic Validation and enrichment  

• QoS mediation: mediators that improve and monitor the Quality Of Service 

• Security 

• Transaction, compensation 

• Exception handling, Fault tolerance 

• SLA enforcement: mediators that negotiate and manage the contracts between services. 

Some mediation solutions are also considering communication protocols mapping as part of 
the mediation layer.  

2.3 Mediation added value and limits 

Services are decoupled and then not necessarily totally compatible. Mediation is not a goal but 
a way/necessity to enable the services interoperability. Mediation also improves the reusability, 
evolution and scalability of code.   
• reusability  

• reuse a mediator in several mediation chains (mediator can be seen as transversal 
preoccupations) 

• reuse a service for several clients 

• reuse a client for several services 

• evolution of code 

• when a new client or a new data source appears, or even when there is a simple 
modification of one of them, it is not necessary to modify the code of its 
interlocutors. It is only necessary to add a new mediation element to the mediation 
chain 

• Scalability 

• as mediation allows to integrate new clients and data sources progressively. 

Nevertheless, mediation chains are not easy to build, deploy and maintain. It is then necessary 
to formalize mediation and to integrate it more tightly with service composition solutions (e.g. 
orchestration and choreography). Today, mediation solutions are technology driven and do not 
treat the problem of mediation chain dynamic composition.  
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3 Mediation solutions 
Several proposals focus only on mediation: 
• Wiederhold has introduced the notion of mediation. His research context was 

heterogeneous databases. 

• Scalagent is a company working on mediation in industrial context such as energy 
management or telecom system. There main purpose is to collect data from sensors. 

• WSMO’s context is the semantic web. This proposal aims at providing a mediation layer 
based on semi-automatic transformations based on ontologies. 

• Synapse is a mediation solution for web services, designed to integrate an ESB. 

Note that there are several other solutions focusing on different kind of mediation. For example 
Webtransact6 is a mediation solution for the management of transaction, over several services 
using different transaction model, and of compensation.  

3.1 Wiederhold, « academic » mediation 

Context : heterogeneous databases  
functionalities :  transformation, improvement of heterogeneous databases 
Integration of mediation in the orchestration language : none 
In 1992, Wiederhold proposed to add a software layer between heterogeneous data sources 
(mainly databases, that are not in the same format and do not store the same kind of data) and 
numerous clients [2,3]. This software layer implements transformation and improvement 
functionalities. In this way, it is possible to integrate existing databases without having to 
modify them and also to improve the overall quality of service of the system.   
 

 

Figure 3 Principles of mediation settled by Wiederhold 

From this solution, it is mainly the principles that we retain because technical solutions were 
focusing on the slightly different domain than the one that is the purpose of this state of the art.  

3.2 Web semantic and ontology-based solutions  

Several solutions for mediation based on ontologies and the web semantic exist, for example 
WSMO7, MIBIA [4], Carnot (HADAS), MOMIS [http://dbgroup.unimo.it/Momis/]. According to 
                                                      
6 http://www.cos.ufrj.br/~marta/WT/WebTransactFramework.html 
7 http://www.wsmo.org/ 
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this approach, in order to integrate services, it is necessary to understand exchanged data. So, 
data are enriched with meta-data, defining mainly an associated ontology. Yet, each service 
can potentially use its own ontology, even inside an application domain. Then, it is necessary 
to translate data thanks to ontology matching. Usually, ontology matching is done semi-
automatically, resulting transformators are stored in a directory and find dynamically when 
needed. The main differences between those projects are: 
• Some projects only represent data, other represent also services and even goals, which 

are abstraction of services, allowing different levels of abstraction. 

• Different data formats are used, depending on the chosen ontology models. 

Those solutions principally focus on ontology matching (if you are interested in the ontology 
topic, take a look at OWL/S8 specification, standard in the domain). Their final purpose is to 
make dynamically available the accurate transformator. They do not deal with modelling of the 
whole mediation chain that should also integrate other preoccupations. Proposed mechanisms 
to find the right ontology mediator may beneficially be integrated into a larger mechanism to 
build the entire mediation chain.  

3.2.1 WSMO/WSMX 

Context : ontological web services 
Mediation functionalities :  ontology matching 
Integration of mediation in orchestration language: mediators are found dynamically and not 
represented implicitly in the orchestration description 
WSMO’s purpose is to complement the orchestration and choreography specifications. Indeed, 
to discover web services, UDDI is usually used, but, the discovery is based on keywords or 
fixed standard taxonomies. WSMO uses semantic technologies to help discovering services 
more accurately. WSMO’s goal is to automate data transformation between services. WSMO 
defines four basic elements: the ontology, the Web service, the goal and the mediator. Those 
elements can be refined and extended (see fig.4). 
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•Model the data
•Describe the services
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•Describes the needs of 
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Figure 4 WSMO's main elements 

The ontology defines the domain terminology. 

                                                      
8 http://www.daml.org/services/owl-s/1.0/ 
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The Web service provides a functionality and can be composed to build more complex 
functionalities.  
The goal specifies the client goal when consulting a web service. It describes thanks to non-
functional properties, imported ontologies and used mediators, the capabilities required and 
required interfaces.   
The mediator bridges the gaps between WSMO elements: 
• At the data level: by resolving ontology integration problems. 

• At the process level: by resolving the matching between communication protocols  

A mediator is defined by non-functional properties, imported ontologies, a source component, a 
target component and a mediation service. The source and target components can be 
mediators, web services or goals.  
The web services are described thanks to ontologies and the requests that they execute are 
described at the ontological level. Then, ontological transformations are defined, stored in a 
repository and the system is then able at invocation to make transformation automatically or 
semi-automatically (see fig 5). 

 

Figure 5 WSMO's mechanism 

3.2.2 MIBIA 

Context: web semantic 
Mediation functionalities: ontological matching 
Integration level:  
• Implicit 

• Dynamic discovery of mediators 

 
Also based on the usage of ontologies, MIBIA is based on the idea that there is a pivot 
ontology for the application and all the transformations are done around the pivot. The 
transformators are called “wrappers” and are stored in a repository (see fig. 6). Data are 
improved with meta-data. Data and meta-data are modelled thanks to java objects that are 
easy to write and directly usable.  
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Figure 6 MIBIA Framework 

3.3 Scalagent 

Context: industrial, energy management, data collection 
Mediation functionalities: 

• Simple (addition, subtraction, etc) 

• Composed to build more complex functionalities 

Integration level 
• Component-based ADL, projected on an event-based proprietary platform 

• No dynamic discovery 

• No integration in service composition languages 

 
Scalagent solution provides a mediation suite for the collect of data in industrial context such 
as energy management. Scalagent framework relies on a JMS compliant MOM (see fig. 7). 
Information is mainly simple data provided by sensors.  

 

Figure 7 Scalagent framework 

Those data are often updated and sensors are quite numerous. This produces numerous data 
that have to be analyzed and synthesized. The mediators implement simple operations such as 
addition and subtraction and provide synchronisation mechanisms. Those components are 
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composed to build mediation chains thanks to an ADL (architecture description language) (see 
fig 8) that describes the data flow. Then, the mediation chain is deployed according to the 
description.  

 

Figure 8 Scalagent ADL 

3.4 Synapse 

Synapse9 is an Apache project started in July 2005 by Iona and WSO2. Its purpose is to 
provide a mediation framework: 

 “Robust, lightweight implementation of a highly scalable and distributed service 
mediation framework on Web services specifications“ 

It provide mediation in the WS-* context, focusing on Web Service, relying on SOAP. Synapse 
is not exactly an ESB, though ESB leaders such as Iona, Sonic, WSO2, Blue Titan  and 
Infravio are participating to the project (see next section for more detail on ESB).  
The targeted functionalities of Synapse are  
• Logging, service lookup, performance mediation  

• Versioning, failover, monitoring  

• Fault management, tracing  

Its operating principle is to define groups of mediators that are applied sequentially to 
requests. It is then possible to apply filter rules to select groups that are going to be applied 
and rout them (see fig. 9). This model is quite simple but does not enable to manage 
deployment and complex composition of mediators. 
At the moment, only mediation based on regex and xpath rules is available. Functionalities 
provided such as logging, routing, XSLT message transformation are implemented in java. It is 
possible to implement its own mediators. 
Regarding the next milestone, management and security (authorization, authentication, and 
schema validation) should be improved and other functionalities may be added.  
 

                                                      
9 http://wiki.apache.org/incubator/SynapseProposal 

http://incubator.apache.org/synapse/ 
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Figure 9 Mediation based on filtering and routing 

Synapse would presume that all exchanges in the SOA would be made through SOAP 
between Web Services. It also presumes that exchanges are compliant to WS. 

 



 Mediation and Enterprise Service Bus
Services for ALL 
 (ITEA 04025)  
Page 13 of 31 

 

S
ynapse 

S
calagent 

M
IB

IA
 

W
S

M
O

 

W
iederhold 

P
roject 

nam
e 

W
eb 

services 
and E

S
B

 

industrial, 
energy 
m

anagem
ent, 

data collection 

sem
antic 

W
ebservice 

sem
antic 

W
ebservice  

H
eterogeneous 

data bases 

C
ontext 

http://incubator.apache.org/synapse/ 
http://w

iki.apache.org/w
s/S

ynapse 

http://w
w

w
.scalagent.com

/ 

 http://w
w

w
.w

sm
o.org/ 

http://w
w

w
-db.stanford.edu/LIC

/m
ediator.htm

l 

U
R

L 

Logging, service lookup, perform
ance m

ediation  
V

ersioning, failover, m
onitoring  

Fault m
anagem

ent, tracing  
 S

im
ple (addition, subtraction, etc), com

posed to build 
m

ore com
plex functionalities for data collect 

O
ntology m

apping 

O
ntology m

apping 

Transform
ation, enhancem

ent, aggregation, etc 

M
ediation functionalities 

 



 Mediation and Enterprise Service Bus
Services for ALL 
 (ITEA 04025)  
Page 14 of 31 

4 Mediation in ESB 
Recently, the notion of Enterprise Service Bus (ESB) has been introduced to deal with service 
based distributed platform. As component software bus for the component model, the ESB is a 
software bus for services. It avoids services to communicate point-to-point, which may be 
costly and allows them to connect to the bus, which is in charge of the processing of the 
exchanges. The ESB defines connections of the services on the bus and interactions among 
them through an asynchronous message oriented middleware. Note that the main standard in 
the domain today is Sun Java Business Integration (JBI)10.  WS-* standards initially dedicated 
to Web Services are also influencing ESBs. The third main element of an ESB is mediation: it 
groups routing, tracing and other non-functional preoccupations such as ontological matching 
as synapse or WSMX may provide (see fig 10). An ESB provides: 
• a trading service in order to map client business service to a real service implementation ; 

• a communication service (mostly asynchronous with MOM and publish/subscribe); 

• message-queuing; 

• intelligent routing; 

• an orchestration service (based on BPEL)  

• dynamic routing and dispatch of requests potentially to multiple receivers in order to 
perform load balancing or to respond to failure of a data source for instance. 

• a security (e.g. cryptography, authorization, etc) service which is a major preoccupation 
when different companies, using heterogeneous security systems need to interact. 

• a transaction service that provides nested transaction protocol and allow compensation; 

• other non-functional actions related to QoS management such as incomplete data 
management, quality measurement, tracing, caching, or failure detection and recovery. 
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Figure 10 ESB 

                                                      
10 http://www.jcp.org/en/jsr/detail?id=208 
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4.1 Java Business Integration specification (JBI) 

Java Business Integration (JBI) stands for the Java standard JSR 208. The first final draft was 
published in May 2005. Next final specification (JBI 2.0 JSR 312) is due for late Q2/2008. It is 
not an ESB, but an ESB specification. It standardizes:  
• The message routing architecture (called Normalized Message Router NMR) wich routes 

normalized message between service provider and consumer,  

• The plug-in interfaces for service engines and bindings and a mechanism (Composite 
Service Description) to combine multiple services into a single executable and auditable 
unit of work. 

In this specification, web services and other elements such as BPEL engine or mediators are 
all plugged on the service bus (mediators can then be used as any other service). There is a 
modelling distinction between “service engines” that provide business logic or mediation logic 
and “binding components” that connect external services to the bus. Services that are not web 
services have to be encapsulated in JBI containers in order to use the right communication 
protocol. Then it is possible to integrate legacy applications, databases or any other new 
application as binding components.  
JBI defines a local ESB. Distributed interactions are let to binding components. Moreover, JBI 
does not model the service-based application. The model phase may be done for example 
thanks to a language such as BPEL and executed by a BPEL engine. For more detail see 
section 5.1.1. 
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Figure 11 JBI compliant ESB 

4.2 WS-* 

WS-* is a set of standards ratified by OASIS and W3C that aims at improving quality of service 
in Web Services. Most interesting standards in the domain of the ESB are those focusing on 
improving and securing message exchanges: 
• WS-Addressing 

• Written by IBM, Microsoft and BEA in 2004 for the W3C 

• The WS-Addressing specification defines a standard for incorporating message 
addressing information into web services messages. WS-Addressing provides a 
uniform addressing method for SOAP messages travelling over synchronous 
and/or asynchronous transports.  

• WS-Reliability and WS-ReliableMessaging:  
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• WS-Reliability was initiated by Sonic Software and Sun, ratified by OASIS in 
November 2004  

• WS-ReliableMessaging ratified by the OASIS consortium in mars 2004, was 
proposed by IBM, Microsoft, Tibco and BEA,  

• Those standards aim at providing reliable messaging in failure prone environment.  

• WS-Reliability is based on SOAP. 

• The WS-ReliableMessaging protocol is described in this specification in an 
independent manner allowing it to be implemented using different network 
transport technologies. To support interoperable Web services, a SOAP 
binding is defined within this specification. 

• WS-Security  

• Proposed by Microsoft, IBM and Verisign, ratified by OASIS in April 2004 

• WS-Security covers authentication, integrity management and cryptography. It also 
specifies how to describe rights and use conditions. It groups several sub-
specifications such as WS-Trust, WS-Secure, WS-Policy, WS-Privacy, WS-
Federation and WS-Authorization. 

• WS-Transaction 

• Developed by BEA and IBM,  

• It aims at guarantying the integrity of ACID or long term transactions. It defines 
mechanisms for transactional interoperability between Web services domains and 
provides a means to compose transactional qualities of service into Web services 
applications. 

• WS-Distributed Management  :  

• Proposed by IBM, Talking Blocks, Computer Associates, ratified by OASIS in 2003 

• It defines the architecture and functionalities for the management of endpoints. 

4.3 Industrial ESB 

For visibility reason, middleware vendors have packaged their existing products (MOM, 
security and transaction framework, XML tools, etc) into ESB suites. Several commercial ESB 
exist such as (see table 1 and 2): Polarlake ESB, IBM WebSphere ESB, Aqualogic Service 
Bus, iBPM, SeeBeyond, Sonic ESB, Artix, etc. One of the most advanced solution concerning 
mediation are IBM webSphere (with SCA component model), BEA aqualogic Service Bus and 
Polarlake ESB. Still, concerning mediation, they focus mainly on low level transformation. 
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4.3.1 Market overview 
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Table 1 Characteristics of the commercial ESB (most important ESB are in grey) 
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4.3.2 IBM Websphere and SCA11 

IBM participates to an initiative driven by the Open SOA12 (Mainly BEA Systems, IBM, IONA 
Technologies, Oracle Corporation, SAP AG) to define Service Component Architecture that 
tends to be more technologically agnostic. It defines a model of a distributed service-oriented 
architecture. It is used by IBM to implement mediation solutions.  
• This model makes a clear distinction between implementation details and composition of 

components. It defines composite components and their assemblies.  

• A SCA component requires and exports services through ports named reference and 
service. The binding between components (called wiring) may be implemented in different 
ways: one-Way, asynchronous, call-Return, and notification. 

• SCA is meant to provide support for very different languages (C++, java, COBOL, XSLT, 
SQL, etc). It even provides mechanism to write SCA components in BPEL. 

• It is based on Service Data Objects for the representation of data 

 

 
 
SCA provides a very interesting component model for mediation since it is quite clear but its 
usage is still not very easy. Moreover, it may not be as dynamic as mediation would require. 

4.3.3 PolarLake ESB 

An interesting definition of mediation is given by PolarLake: 
“Mediation refers to the set of tasks that must be performed on each message or 
document so that multiple services (in the broadest sense of the word) can be 
combined to automate business processes spanning multiple applications, departments 
and even organizations.” 

The approach of Polarlake is to fully integrate mediation by ‘Progressive Element Refinement’. 
For that purpose, they provide a graphical tool to describe the process flow like BPEL, called 
Process Circuit and another tool to describe the mediation chains, called Data Circuit (see fig. 
                                                      
11 http://www-128.ibm.com/developerworks/library/specification/ws-sca/ 
12 http://www.osoa.org/display/Main/Home 
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12). In order to maintain coherency between both, in the BPEL schema it is possible to replace 
a call to a web service by the call to a Data Circuit (and even a legacy application). A data 
circuit receives as an argument an XML file. It breaks it into smaller fragments thanks to rules, 
and passes fragments into mediation chains (transformation, enrichment, validation etc). 
Mediators are composed sequentially in chains. Mediation chains can be executed in parallel. 
Finally it rebuilds a XML file from fragments. 
 

 

Figure 12 Polarlake approach 

In the Data Circuit, it is possible to integrate a very large number of provided mediators but 
also your own specific mediators written in Java, XSL, BeanShell or Xquery (see fig. 13). 
Mediator’s functionalities are:  
• Connection to the underlying infrastructure (such as transport elements, data and JMS 

integrators); 

• XML schemas that describe the incoming XML file; 

• Xpath and Xquery rules to fragment the XML file; 

• Polarlake’s mediators such as database integrators, JMS integrators and schema 
mappers, etc 

• Exception handling to manage exceptions that may be raised by the XML circuit are 
converted in XML in order to be managed as any other XML file. 
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Figure 13 Polarlake framework 

Polarlake offers a very large spectrum of mediators and a very interesting approach 
concerning mediation modelling solution. Nevertheless, the solution really focuses on XML and 
other technologies. It does not allow to see mediators as components that can be composed in 
a sophisticated way and does not provide a generic mediation model.  

4.4 Open Source ESB 

For some time past, an effort is made by ESB vendors to factorize there products and provide 
open source solutions that may become standards and provide them the leadership on the 
market (see table 2). The ObjectWeb consortium has a work group dedicated on ESB called 
ESBi13 and proposes Celtix and Petals. the CodeHaus group proposes Mule and ServiceMix. 
Lastly Sun proposed the Java Business Integration (JBI) specification and its Open ESB that 
extends the Reference Implementation of the JBI specification and JBoss announced the open 
source JBoss ESB (see table 3). 
Three projects are cooperating, e.g. ServiceMix, Celtix and Synapse, in order to avoid 
overlapping of their job and increase adoption of their work. Synapse should be integrated as 
the mediation framework for the ESBs. ServiceMix will reuse the SOAP stacks and integration 
components from Celtix, and Celtix will reuse the ServiceMix JBI container. 

                                                      
13 https://wiki.objectweb.org/ESBi/ 
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4.4.1 ServiceMix 

Context: web services 
Mediation functionalities: 
• Intelligent routing 

• Transformation 

Integration level: same as JBI 
 
 
Primarily proposed by Codehaus, Servicemix is released under Apache licence. It is based on 
JBI specification. Servicemix is meant to be flexible: it can be deployed as standalone, 
embedded in an application component, or as part of the services supported by an application 
server. ServiceMix is also fully integrated into Apache Geronimo, bringing JBI functionality into 
Apache's J2EE container. 

 

Figure 14 Servicemix's architecture 

Servicemix provides several JBI components and Service Engines that provide several 
functionalities, some being mediation functionalities (see fig. 14). They are organized as 
follows: 
• servicemix-http is an HTTP/SOAP Binding Component; 

• servicemix-jms is a JMS Binding Component; 

• servicemix-eip provides routing functionalities such as (see [5]) 

• Content-Based Router 

• Message Filter 
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• Pipeline 

• Static Recipient List 

• Static Routing Slip 

• Wire Tap 

• XPath Splitter 

• Aggregator 

• servicemix-bpe is a BPEL Service Engine; 

• servicemix-jsr181 is a JBI Service Engine exposing (annotated) POJO as services on the 
JBI Bus; 

• servicemix-wsn2005 deals with WS-Notification; 

• servicemix-lwcontainer Service Engine can deploy lightweight components 

ServiceMix can work with many different SOAP Stacks such as Axis14 and SOAP with 
Attachments for Java15 (SAAJ), Apache Web Service Invocation Framework16 (WSIF), XFire17, 
ActiveSOAP18 and JAX-WS19. 
It provides different transformation tools such as XSLT based transformation with XPath, 
Scripting based transformation with Groovy20 and rule based transformation thanks to Drools21. 
ServiceMix provides support for Routing, Transformation and Orchestration. Like Apache 
Synapse, Apache ServiceMix provides mediation for web services exchanges through WS-* 
standards. Nevertheless, Servicemix does not depend on SOAP stack (see fig 14) and may 
support other kind of services than web services. Note that Servicemix team and Synapse 
work together: Synapse may be deployed as a JBI component within the ServiceMix’s JBI 
container. 
The Cimero Eclipse plugin has been also developed to provide a graphical tool for the 
configuration of ServiceMix22. 

4.4.2 Mule 

Context: webservices 
Industrial context:  
• Used by companies such as: HP, Sony, Deutsche Bank, CitiBank and Atos Origin 

• Commercial support available from SymphonySoft 

Mediation functionalities: 

                                                      
14 http://ws.apache.org/axis/ 
15 http://java.sun.com/webservices/saaj/ 
16 http://ws.apache.org/wsif/ 
17 http://xfire.codehaus.org/ 
18 http://activesoap.codehaus.org/ 
19 http://www.jcp.org/en/jsr/detail?id=224 
20 http://groovy.codehaus.org/ 
21 http://drools.codehaus.org/ 
22 http://cwiki.apache.org/confluence/display/SM/CIMERO+Editor 
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• routing 

• Communication transformation 

• Let to developers the possibility to implement thier own mediators 

 
Mule’s goal is to:  

• “provide a unified method of interacting with data from disparate sources 
without encumbering the developer with the details about how the data is sent 
or received or the protocols involved.” 

Mule is a highly-scalable, light-weight ESB which targets the small projects. It claims to be fast 
and simple to pick up and start using. Mule is based on a services container and configuration 
of message endpoints (see fig 15).  
Containers encapsulate Universal Message Objects (UMO), business objects that are able to 
send and receive events. They are POJO usually written as JavaBeans. They communicate 
through endpoints that define communication channels between two or more components, 
applications or repositories. Endpoints are configurable to provide functionalities such as 
message filtering, security interceptors or transaction information. 
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Figure 15 Mule architecture 

 
Concerning ServiceMix and Mule, we can notice that : 

the Mule JBI binding enables Mule components to interact with the ServiceMix JBI 
container. Also, Mule transports, components and transformers can be used inside the 
ServiceMix JBI container. Likewise, ServiceMix has full support for Mule; so if you 
already have an investment in some Mule configuration or code, you can reuse it inside 
ServiceMix along with any other JBI components. 

4.4.3 Celtix 

Celtix is Java-based open-source Enterprise Service Bus (ESB) project, hosted by the 
ObjectWeb Consortium, managed by Iona company (Iona Artix is based on Celtix). It runs 
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inside Apache Tuscany23 which purpose is to provide implementations for the Service 
Component Architecture (SCA). 
Celtix includes support for the JBI specification. It provides components that are the code of 
the ESB (see on fig. 16 orange elements) : 
• Configuration service: it provides an abstraction layer for Celtix components to retrieve 

configuration data. 

• Plug-in manager: it allows to load dynamically plug-ins such as transport plug-in,  request-
level and message-level interceptors (see next  paragraph), servant objects 

• WSDL model: it parses the WSDL contract and adds the resulting parse tree to an in-
memory WSDL model in order to improve runtime access to WSDL and to manage 
dynamic configuration of services.  

• Binding manager: it is certainly an important tool regarding mediation. The binding 
manager assembles binding components in binding chains which are the chain of 
components through which a message passes as it travels from the client to the server. 
Those components may be request-level and message-level interceptors,  WSDL binding 
objects, or transport object,   

• Dispatcher/Workqueue : it enables efficient dispatching of request and reply messages. 

Those core components manage other elements that may be added depending on needs: 
• Transport plug-in : it embodies different kind of transport such as one-way or two-way, 

synchronous or asynchronous invocations, a variety of threading models. 

• Request-Level Interceptor: it enables you to access or modify the contents of a request or 
a reply message at a high level, accessing the headers, parameters, and return values of 
requests. 

• Message-Level Interceptors: it enables you to access or modify the contents of a request 
or a reply message at a low level (ex: encrypting or compressing messages). 

 

Figure 16 Request handling in Celtix 

Celtix provides then mechanisms to add mediators dynamically and manage mediator chains 
on the client or server side.  

                                                      
23 http://incubator.apache.org/tuscany/ 
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4.4.4  Petals 

Petals is also an ObjectWeb project aiming at providing a distributed version of a JBI compliant 
ESB. It is supported by EBM WebSourcing in France and Fossile E-Commerce in Brazil. It is 
based on the Objectweb Fractal24 component model and integrates JBI in the JOnAS 
Objectweb J2EE Application Server. 
This project proposes a distributed JBI ESB based on JORAM25 MOM and Dream26, a 
component-based framework dedicated to the construction of communication middleware. It 
provides distributed JBI containers that are easily manageable (see fig. 17).  

 

Figure 17 Petals Framework 

As JBI, Petals is not focusing deeply on mediation but provides main mediation elements. It is 
providing a logging service and may in future milestone provide a Transformation Service 
Engine (XSLT, Xpath), content based routing.  

                                                      
24 http://fractal.objectweb.org/ 
25 http://joram.objectweb.org/ 
26 http://dream.objectweb.org/ 
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5 Mediation and Service composition 
In order to understand the difficulties to fully integrate mediation to the service-based 
application, it is also necessary to focus on techniques used to build service-based 
applications. Today the main solutions are orchestration and choreography.   

5.1 Orchestration languages  

context : services, web services 
mediation functionalities:  pre/post conditions, it is possible to add pieces of java code thanks 
to BPEL-J extension of the language. 
Integration of mediation : mediation is limited to small add of java code inside orchestration 
code, for example, nothing is done for ontological mediation. 
 
There are several orchestration languages. The most widely used is BPEL4WS27. Those 
languages allow a service-based application to be built as a business process, roughly as a 
sequence of calls to services. BPEL4WS also specifies interactions. This language is executed 
by a BPEL engine that emits requests to services, receives their answers and manages the 
overall sequence.   
Mediation is not directly addressed by orchestration languages, except few control mediation 
functionalities (if, while, etc). Then it is has been necessary to find stopgaps to implement 
mediation. The first solution is to use BPEL-J that is part of the BPEL language and allows to 
execute pieces of Java code. You may also execute mediation as any other service and even 
refine the technique using aspects.  

5.1.1 BPEL and BPEL-J 

BPEL-J allows pieces of Java code, called Java snippets, to be included in BPEL process 
definitions. It is then possible to implement mediation functionalities as Java code (see fig. 18). 
Nevertheless, this is a quite limited way to manage mediation. The modelling  is really poor 
and the java code is executed by the BPEL engine, which is very limiting with respect to 
mediation that we would like to be independently deployed.   
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Web service
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Mediation  limited to
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Mediation  limited to
BPEL-J callsJava

The mediation code is inside the not 
properly considered

The mediation code is inside the not 
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Figure 18 Mediation thanks to BPEL-J 

                                                      
27 http://www-128.ibm.com/developerworks/library/specification/ws-bpel/ 
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5.1.2 Mediation as any other service 

Mediators may also be implemented as any other service (see fig. 19). That is the solution 
promoted by JBI. Thus it is easy to reuse a mediator and to incorporate it to the business 
process. Still, it is not a good solution regarding modeling because it does not make any 
difference between a service and a mediator. Moreover, the paths of messages are not really 
optimized and adequate. For example, messages that should come from the BPEL engine to 
the service through the mediation chain has to come from the BPEL engine to the mediator, 
back to the BPEL engine and then to the service.  

ESB
process

Web service

2

Web service

1 Mediation is implemented as web 
services (recommended by JBI)

Web service

médiation

For the implementation, this solution 
is viable, but regarding the model, it 
does not distinguish the mediation
from the services

 

For the implementation, this solution 
is viable, but regarding the model, it 
does not distinguish the mediation 
from the services

 

Figure 19 Mediation as a service 

5.1.3 Façade web service 

It is possible to refine the previous solution by using a façade web service (see fig. 20). This 
service has the same interface than the targeted service but does not implement it. It hides 
real services and plays a router role. It also enables to add transversal / mediation 
preoccupations such as monitoring or transformation using AOP (Aspect Oriented 
Programming) techniques. 
As the two previous solutions, this solution is a technical one that helps implementing 
mediation. But it does not provide a real solution for management and deployment that may be 
evolutionary.     
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Figure 20 Mediation using façade service and AOP 

In conclusion, BPEL provides an efficient solution for static composition of services. It does not 
offer mechanism that would help dynamic composition of services, in particular it does not 
provide clean solution to integrate mediation28. It does not even integrate basically the usage 
of UDDI. The solutions that we previously detailed are only tricks to technically manage 
mediation.   

5.2 Other composition solutions 

The execution of an orchestration is done by an orchestration engine, e.g. a software module 
that is able to understand a BPEL description and execute necessary service calls. This 
technique introduces an extra piece of code that is central for the execution of the application.   
An other solution, that is more difficult to implement but more elegant, is choreography29. This 
technique describes the flow of messages exchanged by a Web Service participating in 
choreographed interactions with other services. Today, Polarlake and WSMO implement this 
technique. As orchestration, choreography does not integrate mediation. 
Other languages exist like BPMN, UML Activity Diagram, UML EDOC Business Processes, 
IDEF, ebXML BPSS, Activity-Decision Flow (ADF) Diagram, RosettaNet, LOVeM, Event-
Process Chains (EPCs) that may help modelling a service-based application. Those languages 
may be mapped to BPEL4WS but still they do not integrate mediation.  

                                                      
28 http://www.bpms.info/article.asp?ref=265 
29 http://www.w3.org/TR/wsci/ 
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6 To be watched 
• Eclipse SOA Tools Platform 

• http://www.eclipse.org/stp/ 

• Jones RNTL project 

• http://www.rntl.org/projet/AAP2005/Fiches_Resume/jones.htm 

• Apache CXF (CodeHaus XFire + ObjectWeb Celtix) 

• http://cwiki.apache.org/confluence/display/CXF/Index 

• E2E  

• http://www.e2ebridge.com/live/en/Home/default.asp 

• “provides a next generation Enterprise Service Bus (ESB) based on a UML 
Virtual Machine: the E2E Bridge. This unique Model Driven Integration 
(MDI) approach to SOA Development and Application Integration 
maximizes transparency and automation, reducing TCO and time-to-market 
by factors. MDI enables a new development paradigm, where the 
documentation IS the code.“ 

• CXF : a merge of celtix and Xfire  

• http://cwiki.apache.org/confluence/display/CXF/Index 
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