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Enterprise Service Bus

Falko Menge

Abstract— This paper is a comprehensive introduction to the custom built, acquired from a third party or parts of legacy
Enterprise Service Bus (ESB), which is a new type of integration systems, e.g. a company may have three installations of SAP,
infrastructure. Therefore it gives a detailed introduction into 30 Gifferent websites and countless individual solutions i
the background of Enterprise Application Integration (EAI) and different departments. These applications should be able t
explains Message-Oriented Middleware (MOM) and Service- . ) : ;

Oriented Architecture (SOA) which are the technologies the communicate and exchange data with each other in order to
Enterprise Service Bus evolved out of. After discussing core ESB work together for the business of the company. The problem is
concepts and typical features, the open source ESB solution Mule not the number of applications itself. There are good remson
‘é"i'flfle?gn?r%s(jﬁmgg'Oﬁgﬁxggglgrgpupsl'ecgt'on will demonstrate how ¢4 having combinations of many different applicationsisEi

' it is nearly impossible to develop one huge application Whic

Index Terms— Enterprise Service Bus (ESB), Service-Oriented performs all business functions of a typical enterpriseabse
Architecture (SOA), Web Services, Enterprise Application Inte- e e are far too many requirements. The second reasortis tha
gration (EAI), Message-Oriented Middleware (MOM). running multiple applications gives IT managers flexigilio

select solutions which are the best for their particulappse.
I. INTRODUCTION That means that integration is not a temporary problem which
HE Enterprise Service Bus (ESB) is a relatively youn‘E,urrentl_y has t_o be solved. !t is a fundamental requirenteait t
term in the software industry. It is an exciting topi(’enterpnses W|_II also have_ in the futgre. The task, commonly
because the most interesting question is the first, one wo@d!ed Enterprise Application Integration (EAL), beconesen
ask: What is an Enterprise Service Bus? more interesting if applications of external pusmess Lt

The question is hard to answer since there is no genefsf t0 Pe integrated. Furthermore the selection of apitst
consensus about a common definition of the term. There &0t fixed. Applications may be exchanged or new applica-
many discussions on which features have to be included #§1S may be deployed so that the integration infrastrectur
which technologies should be used when realizing an Ent8s © be able to handle new scenarios.
prise Service Bus. In contrast to that there are many vendors
the market who state that their solutions are Enterprisei@er A. Message-Oriented Middleware

Buses or base on Enterprise Service Bus principles. There al'The traditional solution for Enterprise Application Intag

vendors who are specialized in developing_ Enterprise Bervi,p, g 15 yse Message-Oriented Middleware (MOM). That
Bus products like Cape Clear Soitware, Fiorano Software fleans that asynchronous messaging is used to decouple the

Sonic Software and most of the big vendors of integratiot,;bplica,[ions from each other. MOM products are typicallitbu

middleware products like Oracle, BEA Systems, IONA Tecr}iround a central message queue system often called message

nologies, Sun Microsystems or IBM have Enterprise Serv'%?oker. All applications are connected to the message broke

Bus _solut|0ns n the'F prqduct po_rtfohos. using a unified interface for sending and receiving messages
This uncommon situation originates from the term Enter-

prise Service Bus being originally coined by analysts from
Gartner in 2002. The need for a new form of infrastructure e E e Persistent
which combines Message-Oriented Middleware (MOM), web Storage
services, transformation and routing intelligence as &lbaae
for Service-Oriented Architecture (SOA) was identified and ¢ ¢
different approaches have been tried to realize that idemeS o o
products evolved from web services infrastructure sohgtio App"fat'on App"ﬁat'on
or lightweight messaging products, while others evolveanfr
EAI suites having added support for SOA. .
Although there are multiple definitions and approaches, thig-
central ideas are similar to each other and will be explained
and demonstrated in this paper.

Simplified architecture of a Message-Oriented Midaies.

The message broker is able to store the messages so that
sender and receiver do not need to be connected at the same
time. Within this middleware layer messages can be routed
which makes it possible to deliver a single message to more

In order to understand the benefits of an Enterprise Servit®n one recipient. Furthermore messages cold be transform
Bus one has to examine the infrastructure requirements thgtthe message broker to fit the requirements of the receiving
large enterprises have. A typical scenario is that an enserp application. The transformation facilities allow the cented
runs hundreds or thousands of applications, which could bpplications to use their own native message formats.

Il. BACKGROUND AND DOMAIN



2 FREE AND OPEN SOURCE SOFTWARE CONFERENCE 2007

A big problem of MOM solutions is that they often useas due to be a slow process. That implies that an integration
proprietary protocols and platform specific interfaces dae infrastructure can not be purely service-based.
ployments. This leads to a total dependency of the appbicati  Today enterprises need powerful integration solutions but
on the infrastructure and causes interoperability problesth they want them to be based on open standards and to support
MOM products of alternative vendors. As a result islands &ervice-Oriented Architecture. Exactly those requiretsidsed
MOM based infrastructures can often be found. to the idea of an Enterprise Service Bus.

[1l. WHAT IS AN ENTERPRISESERVICE BUS?
. . ) . . An Enterprise Service Bus is an open standards, message-
Service-Oriented Architecture (SOA) is an architectum-copaseq, distributed integration infrastructure that pesirout-
cept which defines that applications provide their businegg, invocation and mediation services to facilitate theetin

functionality in the form of reusable services. A service iRciions of disparate distributed applications and sesvioea
that context is a self-contained and stateless businesidan gqcyre and reliable manner.

which is accessible through a standardized, implememtatio £gps are usually realized through service containers dis-
neutral interface. Services are used by other applicatidmsh  yihyted across a networked environment. These containers
could also be implementations of services. With this apgioan st integration services like routers, transformers|iegiion
complex business processes are implemented through CO”&*Efapters or MOM bridges and provide them with a broad
nation of several services. This is called service orchaetr. range of communication facilities. In today’s ESB solution
Figure 2 shows the typical scenario of a SOA applicatiogye messaging infrastructure is typically built on top of SM
Service providers register their services to a central ngMipased middleware systems which guarantee message deliv-
service. A consumer application can use this naming servigg, applications are connected to the bus using appliatio
to discover available services and retrieve informatiorhow adapters or one of the supported messaging mechanisms. In
to connect to a particular service provider. Then the comsum, qer to support SOA the ESB service containers have to in-
application |s_abIe to obtain a service description whichnégs  |,,de all important web service technologies. The comptnen
how the service can be used. of the ESB as well as the mechanisms for connecting resources
must be based on open standards to ensure interoperahility a
Service protection of investment.

B. Service-Oriented Architecture

Registry

Message Broker

P Naming <
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Service ¢ 8?
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Rp Adapter Service
0O
(%
Fig. 2. A typical Service-Oriented Architecture. ¢
. . . Application
SOA can be implemented using any service-based technol-

ogy. Typically web service technologies like SOAP or REST

are used. . o Fig. 3. A simple ESB scenario. Although not depicted here,r@ainer can
SOA allows complex enterprise applications and end-to-eRekt multiple services and components.

business processes to be composed from these services, even

when the providers of those services are applications toste The ESB must coordinate the interactions of the various

on disparate operating system platforms, written in d#fféer resources and provide transactional support. A generaligoa

programming languages or based on separate data modselsprovide messaging and integration without writing code.

This flexible composition supports the fundamental goals dherefore generic components are provided which can be

business integration, which are linking business systamssa configured to realize a desired scenario.

the enterprise and extending business services to cusomeAn ESB is an ideal backbone for implementing service

and trading partners. oriented architectures because it provides universal arésimn

The adoption of SOA in business-critical applications is oc _ , ,_ _
Java Messaging Service (JMS) specifies a standardized ARkliable

_curring only inc_rem_entally_. Refactoring, wrappering 0|D|$3- messaging. JMS is widely supported in messaging middlewatersgsand
ing legacy applications with new standards-aware equitsleis developed as JSR 914 [12]
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to interconnect all the services required in the composéddtilled from the individual messages to the configured- des
business solution without compromising security, relighi tination. A resequencer is a router which collects relatetd b

performance and scalability. out-of-sequence messages and forwards them in the correct
order. For the resequencer to function, each message needs a
IV. TYyPICAL ESBFEATURES unique sequence number.
A. Invocation The different routers can be combined to create complex

essage flows. All routers can be implemented as so called

receive responses from integration services and intagra namic routers. That means the router is able to reconfigure
ItS routing rules based on special configuration messages

resources. That means that an ESB has to support the stand\%\l dIch can be sent by participating destinations

for web service communication including SOAP [14], the yp pating '

Web Services Description Language (WSDL) [15], Universal

Descriptior_n Discovery and Integration (UDDI) [16] and thg: \ediation

WS-* family of standards. Furthermore the Java Message o ) _

Service (JMS) API [12] and the J2EE Connector Architecture Mediation refers to all transformations or translations be

(JCA) [13] should be implemented for integration with MOMWeen disparate resources including transport protoces—m

systems and application servers. Of course an ESB must a18§€ format and message content. These transformations are

be able to handle the underlying protocols like TCP, UDMErY important for integration because applications sarel

HTTP or SSL. Additional communication mechanisms coul@drée on a common data format. Again XSL and XPath
be JBI, RMI, JDBC, SMTP, POP3, FTP or XMPP. are powerful tools for working with XML messages. Those
standards allow an ESB to provide generic XML transformer

components which are configured through an XSL stylesheet.

More complex transformers may invoke other resources which
Routing is the ability to decide the destination of a messagge connected to the bus e.g. a database in order to augment

during its transport. Routing services are an essentidglifea aqgitional information to a message. Special forms of trans

of an ESB because they allow to decouple the source of@mation services are normalizers, content enricherstera
message from the ultimate destination. filters or envelope wrappers.

To enable routing and other communication features dis-
parate messaging endpoints have to be referenced. The com-
mon standard for addressing is to use Uniform ResourDe Adapters

Identifiers (URIs). Additionally WS-Addressing [17] may be . . L
implemented in ESB solutions to describe web service end-Many ESB solutions provide a whole range of application

points in a transport-neutral manner. adapters. This can be adapters for popular applicationgogsk '

The decision to which destination a message is sent S%Ch as Enterprise Resource Planning (.ERP).’ Supply Chain

be made based on several conditions which leads to differ nagement (SCM) and Customer Relationship Management
?8 M). Those adapters connect to the native transactien-int

types of routers. : o
A content-based router inspects the content of messa%%%es’ APIs and data structures that these business ampica

: : xpose and present a standard interface, which makes it easy
and forwards them to different channels depending on the ) : )
: 0 reuse business logic and data. Typically most adapters of
content of the message. This allows a sender to send messages : S
: o - a particular vendor operate the same way which minimizes
without specifying an exact destination. For XML messag ) : :
. . . e skills required to use each connected system. Using
content-based routing can be implemented using the X . : .
i refabricated adapters reduces the work required to mtiegr
Path Language (XPath) [19] for addressing parts of a message . .. ) ) : .
X : o : plications into a Service-Oriented Architecture.
which are needed for the routing decision. A special form of
content-based router is a message filter. It forwards a rgessa
only if the content matches a certain criterion. Otherwike, £ Security

message will be deleted. . i . )
Of course there are integration scenarios where one messagn enterprise class integration infrastructure has to ideov

is to be sent to multiple recipients. This could be achiewed [§ecure messaging. That means for an ESB to be able to encrypt
using a recipient list router which either computes a list &nd decrypt the content of messages, handle authentication
destinations or has a static configuration for multiple rears. @nd access control for messaging endpoints and to use secure
If messages are composed of multiple parts, a splitter mB§rsistence mechanisms.
be used to split a single message into a series of individual
messages. A splitter for XML messages may utilize XPa
for addressing the parts and transformations based on
Extensible Stylesheet Language (XSL) [18] for generating An ESB has to provide audit and logging facilities for
separate messages. monitoring infrastructure and integration scenario anssguy
The opposite of a splitter is an aggregator which collectdso for controlling process execution. There must be arakent
and stores individual messages. If it receives a compldte seechanism for configuration and administration of the bus.
of related messages, the aggregator sends a single mesgatgiitionally tools for usage metering may be included.

Invocation is the ability of an ESB to send requests an

B. Routing

EeManagement
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G. Process Orchestration A typical Mule application consists of multiple Mule in-
business processes described with the Web Services Bsisiftgsted using any of the supported communication mechanisms
Process Execution Language (WS-BPEL) [11]. This engifé €ven a comblnatlon_of them. Several UMOs can work
controlled by the process description then coordinates tifgéther in oder to realize a complex message flow among
collaboration of the services connected to the bus. different external applications.

L@

| application

H . Com pIeX Event PI’OCGSSI ng Mule Manager Instance Mule Manager Instance

Mule Model (Container) Mule Model (Container)

|
|
An asynchronous message can be seen as an event espet I- | o o
T
|
|
|
|
|
|

when using a publish-subscribe channel. Thus an ESB i || [[uso ]
include mechanisms for event interpretation, event caticei

and event pattern matching which enable event-driven arc
tectures. Natwork Houndaries

|
External ! Extemal
I. Integration Tooling application application

For professional development with an ESB graphicc.
design-time tooling as well as deployment and testing toﬂlg
should be available.

UMO

. 5. A typical Mule application. [source: [10]]

The Mule container provides all integration services which
V. MULE: AN OPEN SOURCEESB are essential to an ESB. That includes support for trarsasti
Mule is a lightweight open source messaging platform basgénsformations, routing, logging, auditing, managemest
on ESB concepts. The central component of Mule is a serviggrity, event processing and even process orchestratiog us
container for so called Universal Message Objects (UMOS)S-BPEL. Mule can run standalone or integrated with another
This container which is a highly distributable object broke containers, e.g. Spring, PicoContainer or Plexus. Thezefo
able to handle a rich variety of communication mechanisrggparates object construction from management so thatserv
including JMS, SOAP, REST, HTTP, FTP, TCP, UDP, SSlgpjects can be constructed by other containers. Mule avoids
XMPP, SMTP, POP3, IMAP, JDBC, RMI and others to comao reimplement communication technologies and instead use

stable and widely-accepted implementations, e.g. the Axds

Mule Manager Glue SOAP stacks.
e ; The simple integration scenario in figure 6 shows the
: Manager Services | message flow between two applications through a UMO com-

ponent. A message receiver listens on the incoming endpoint

for a message from the sending application. The connector
handles the particular transport mechanism and after that a

UNO transformer may transform the message, e.g. into a Javetobje

Component The so called inbound router of the involved UMO may
T ] be a message filter, aggregator. or resequencer. The UMO
I—fl '—‘“ may perform some business logic on the message and then
the outbound router which could be a content-based router,

message filter, splitter or recipient list forwards the rages

Y to one or more transport providers which again consist of a

Another Muls transformer, connector and in the outgoing case a message

instance aE;f.ﬁf{';:n dispatcher. The message dispatcher sends the message to the

receiving application.

Mule is designed for fast development of distributed servic
networks. Therefore it is an ESB server which is highly
scalable, lightweight, fast and simple to adopt. Mule afiow
S{Qaller projects to leverage enterprise level servicei@ch

The Universal Message Objects are plain old Java obje .
: L - ures, especially when resources, development cost and TTM
which can transparently use the communication facilities @

the container trough a generic message endpoint intemax:e.need to be kept to a minimum.

shown in figure 4 they are able to connect to external applica-

tions, other UMOs or other Mule instances. This unified and V!- AN ESB EXAMPLE APPLICATION WITH MULE
technology independent method for interacting with diggar An important principle of an ESB is to use as much
resources makes it very easy to use UMOs for integratigigclaration and configuration as possible and avoid writing
applications with each other or implementing own appl@ati code. Thus the most important artifact of a mule application
adapters. is its XML configuration file in which the connectors, routers

Fig. 4. Simplified view of a Mule instance. [source: [10]]
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UM
Camperent

Fig. 6. Integration of two applications with Mule. [sourd&0]]

transformers, message endpoints and UMOs are declared. ¥twhnect or name="j msConnect or "

communication mechanisms actually used by and applicatio?1<gff)g:?f?;gr>g- mul e. provi ders. j . JmeConnect or " >
. . . e |
are simply configured through the endpoint URIs. In addition ", oherty name="connect i onFact or yndi Name"

to that only UMOs and maybe own object transformers or  val ue="Connecti onFact ory"/ >

routers have to be programmed. <property name="j ndi I ni ti al Fact ory”
val ue=

The gample application which will be discussed in th_lsorg.activerrq.j ndi . Acti veMQ ni ti al Cont ext Fact or y"
section is a very popular example taken from the Enterprise /> o
Integration Patterns book [1]. The example is often used to <Property nane="specification” value="1.1"/>
d trate features of messaging systems and so Ross Mason " op Name™ Jndi Provi der Properti es”>
demonsirate ures ot messaging Sy <property name="br oker URL"
implemented the application in different flavors for Muléner val ue="tcp://1 ocal host: 61616"/ >
version shown here uses an ESB architecture and can <?Sr </ map>

obtained from the mule website [10]. S broperties>

At the beginning the Client application makes a request

Bank 1 sending a CustomerQuoteRequest message to the LoanBroker
Customer Loan Broker via a RESTful web service. The LoanBroker which is a

Sank 2 UMO creates a LoanQuoteRequest message which is the

an

' " * common message format on the bus. The following part of
the configuration shows how different message endpoints are
Sank 3 attached to the LoanBroaker UMO:

) <mul e-descri ptor nanme="LoanBr oker"
-7 i npl ement ati on=
. "org. mul e. sanpl es. | oanbr oker . esb. LoanBr oker ">

Credit Bureau

BB B

<i nbound-r out er >
<endpoi nt
addr ess="LoanBr oker Request sREST"
transf or ner s=" Rest Request ToCust oner Request "/ >
<endpoi nt
The usage scenario is a customer who wants to obtain a Ioan/ _ agdr ezsf‘ LoanBr oker Requests”/ >
quote. Therefore he wants to compare offers from different™ ' "Pound-router>
banks. A loan broker is used to communicate with the banks<out bound- r out er >
and send the best offer back to the customer. <router className=
"org. mul e. routing. out bound. Qut boundPassThr oughRout er " >
<endpoi nt address="Credi t AgencyGat eway"/ >
z Banks </router>
= </ out bound-r out er >

Fig. 7. Mule example application: A loan broker acting asrimediary for
a consumer talking to banks in order to get a loan quote. [so{iid]

Credit Bureau Rule Base

,T i F 1 :@ <response-router tineout="1000000">
% <endpoi nt address="LoanQuot es"/>
t@ =+ 0] @ <router classNane=
Loan Request Get Credit Score Get Banks Recip. List "or g TTU| €. Sanpl €s. I Oanbr 0ker : eSb
A @ . rout ;ers. BankQuot esResponseAggr egat or "
= L= >
t@ i </ response-router>
Best Quote </ mul e-descri pt or >

Loan Broker

Mule sends the message to the so called Credit Agency
Fig. 8. Mule example application: Design of the applicatifgource: [1]] ~ Gateway via JMS. The Gateway is an envelope wrapper which
marshals the request and invokes a CreditAgency EJB. A
As seen in figure 9 the sample application uses a JMyBefabricated message enricher component called Refiectio
message broker to connect the different components on MessageBuilder automatically attaches a CreditProfilehto t
bus, which is cofigured through the following connectotoanQuoteRequest message. Then Mule sends the Message
deklaration: to the Lender Gateway via JMS. This Gateway uses the VM
transport to invoke the Lender Application which is a simple
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Credit
Agency
(EJB)
1
Hitp:ifecalhost: 8080 oanbroker?

name=RosstMasonéssn=12345 vmiflander service

| =1 tiom=24 gibifflocalhost; 1088/
oanAmount=10000&loanDuration=2 CAHomelgetCrediProfie

10

Banking 8
Gateway

Loan Broker

jms:ffesb loan.quotes  jms:lesb.credit agency jms:fesh lender service jms:ffesh banks
Y3 v 5 ¥ 7 v
Jms Bus
9
reply-to

jms:test loan quates

Fig. 9. Mule example application: LoanBroker ESB. [sourd®][

Java Bean. Again Mule forwards the message via JMS - n@uy Cape Clear's Enterprise Service Bus (ESBJhitepaper ~ Cape Clear

to the Banking Gateway. The Banking Gateway realizes the Software, May 2005. _ _
. . .48 Principles of BPEL, Orchestration, and the ES®hitepaper  Cape
Scatter-Gather integration pattern [1]. Based on a re@ipi€ ™ cjear Software, 2004.

list a router forwards a request via SOAP to several baf{ Bruce SilverEnterprise Service Bus Technology for Real-World Solstion
web services. The response messages are collected by appruce Silver Associates, August 2004.

e : 10| Official website of the Mule project.
aggregator specified in the ReplyTo address provided by h http:',,%u}gcoéehauslorg Hie prol

Banking Gateway. The ResponseRouter on the LoanBroket] Web Services Business Process Execution Language (WS-B@&lon
UMO receives the responses. Finally the LoanBroker selects 2.0 OASIS, Decmber 21, 2005. . :
. . http://www.oasis-open.org/committees/uddi-spec/d@us3/uddi-
the lowest quote received for the request and returns itdo th 375 550041019 htm
client. [12] JSR 914: Java Message Service (JMS) API
http://www.jcp.org/en/jsr/detail?id=914
[13] JSR 112: J2EE Connector Architecture 1.5

VIlI. CONCLUSION http://www.jcp.org/en/jsr/detail ?id=112
. . . ] SOAP Version 1.2 specificatiod/3C Recommendation  World Wide
“An Enterprise Service Bus (ESB) is a message basétf, Web Consortium (W3C), June 24, 2003.
distributed integration solution which provides integyat http:/Avww.w3.0rg/ TR/soap/

services. Basic integration services are routing, invonat [15] Web Services Description Language (WSDL), WBC Note  World

. . . " Wide Web Consortium (W3C), March 15, 2001.
mediation, support for transactions, logging, auditinggnm http:/Awww.w3.0rg/ TRAwsdl/

agement and security services. Furthermore event progess$is] Universal Description, Discovery and Integration v3.0.2DDI)
and process orchestration may be supported by an ESB. OASIS, Oktober 19, 2004.

. - . - _ http://www.oasis-open.org/committees/uddi-spec/deokB/uddi-
Today an Enterprise Service Bus is the most popular infras- | 3550041019 htm

tructure for implementing Service-Oriented Architectire [17] Web Services Addressing (WS-Addressing3C Member Submission
Mule as a light-weight open source ESB includes the World Wide Web Consortium (W3C), August 10, 2004.

. . . . http://www.w3.0rg/Submission/ws-addressing/
most important features and is an ideal entry point for ES[?B] Extensible Stylesheet Language (XSL) Version WBC Candidate

adoption. Recommendation ~ World Wide Web Consortium (W3C), February 20,
2006.
http://www.w3.0rg/TR/xsI11/
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