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Preface

What is Service Component Architecture (SCA)? What are the key
SCA concepts? How will SCA impact technology choices my orga-
nization will need to make in the near-term? How should SCA �t
into my enterprise architecture? How can I make the best use of
SCA in my projects?

Answering these questions is fundamental to understanding SCA.
The goal of this book is to help answer those questions by provid-
ing the background necessary to use SCA effectively.

Who Can Bene�t from This Book
SCA is a technology for creating, assembling, and managing distrib-
uted applications. However, this book is not intended solely for
developers. Our aim is to bene�t �technologists��developers, but
also architects, analysts, managers, and anyone who has a stake
implementing information systems�by connecting SCA to broader
technology trends.

In this book, we attempt to strike a balance between the �big pic-
ture� and the detailed coverage essential to developers. We also
endeavor to achieve this balance in a way that is engaging, accu-
rate, and complete. 

Both of us have been involved with SCA since its inception, when it
started as an informal working group composed of individuals from
IBM and BEA (where both of us worked). We were directly involved
in shaping SCA as it went through various iterations and changes.

xix



xx Preface

Rather than simply provide a tutorial, we have sought to explain the
history and reasoning behind important decisions made during the
development of SCA. 

Lest we be accused of operating in the �ivory tower� of technology
standards, we have also attempted to be informed by practical ex-
perience. We have been key contributors to the open source
Fabric3 SCA runtime. In addition, while at BEA and now in our
current positions, we have had the opportunity to be involved in
the development of several large-scale systems built with SCA. We
have tried to re�ect this experience and lessons learned throughout
the book in the form of best practices and implementation advice.

Finally, while we strive for completeness and accuracy, there are
inevitably things a book must leave out. SCA is a vast technology
that spans multiple programming languages. We have chosen to
concentrate on those aspects of SCA that pertain to creating and
assembling applications using Java. Although we touch on BPEL,
our focus remains on Java, as the latter is a cornerstone of modern
enterprise development.

How to Read the Book
Reading a book is like listening to an album (or CD): Both are
highly personal experiences. Some prefer to read thoroughly or
listen from beginning to end. Others like to skip around, focusing
on speci�c parts.

Understanding SCA is designed to be read in parts but also has a
structure tying the various pieces together. The �rst chapter,
�Introducing SCA,� provides an overview of SCA and how it �ts
into today�s technology landscape. The second chapter,
�Assembling and Deploying a Composite,� continues the overview
theme by walking through how to build an application using SCA. 

Chapter 3, �Service-Based Development Using Java,� and Chapter
4, �Conversational Interactions Using Java,� respectively, turn to
advanced SCA programming model topics. In these chapters, we
detail how to design loosely coupled services and asynchronous
interactions, manage stateful services, and provide best practices
for developing with SCA. 



Preface xxi

Having explored the SCA programming model in depth, 
Chapters 5�9 cover the main SCA concepts: composition, policy,
wires, bindings, and the domain. In these chapters, we explain how
to develop modular applications, use transactions, con�gure cross-
application policies such as security and reliability, integrate with
external systems, deploy applications, and structure corporate ar-
chitectures using SCA.

Chapter 10, �Service-Based Development Using BPEL,� demon-
strates how to use BPEL with SCA to provide applications with
long-running process capabilities.

The �nal two chapters round out application development with
SCA by focusing on the data and presentation tiers. Chapter 11,
�Persistence,� details how to use Java Persistence API (JPA) with
SCA to read and write data from a database. Chapter 12, �The
Presentation Tier,� demonstrates how to integrate web applications,
in particular servlets and JSPs, with SCA services.
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1

Introducing SCA

Service Component Architecture, or SCA, is a technology for creat-
ing services and assembling them into composite applications. SCA
addresses the perennial question of how to build systems from a
series of interconnected parts. In SCA, these parts interact by pro-
viding services that perform a speci�c function. Services may be
implemented using different technologies and programming lan-
guages. For example, a service can be implemented in Java, C++,
or in a specialized language such as Business Process Execution
Language (BPEL). Services may also be collocated in the same op-
erating system process or distributed across multiple processes
running on different machines. SCA provides a framework for
building these services, describing how they communicate and
tying them together. 

We once heard a witty de�nition of a technology framework that is
appropriate to bring up in this context: A technology framework is
something everyone wants to write but no one wants to use.
Indeed, the industry is replete with frameworks and programming
models promising to solve problems posed by application develop-
ment in new and innovative ways. In the 1990s, the Distributed
Computing Environment (DCE) was superceded by Common
Object Request Broker Architecture (CORBA) and Distributed
Component Object Model (DCOM). Java Enterprise Edition (Java
EE) and .NET emerged as the two dominant frameworks in the early

1



2 Introducing SCA

SCA addresses two
key issues with
existing
approaches: com-
plexity and reuse.

2000s, supplanting the latter two. Open source has also been a
center of innovation, with Spring and Ruby on Rails emerging as
two of the more popular frameworks. 

This raises the question of why SCA? What problems with existing
programming models is SCA trying to solve? The sheer scope of
SCA as a technology and the fact that it is supported by a diverse set
of vendors invariably has led to a degree of confusion in this re-
spect. SCA can be initially daunting to understand. 

SCA addresses two key issues with existing approaches: complexity
and reuse. First, SCA provides a simpli�ed programming model for
building distributed systems. The dominant programming models
today have grown increasingly complex. For example, writing a
Java EE application that exposes web services, performs some pro-
cessing, and interfaces with a messaging system to integrate with
other applications requires knowledge of the JAX-WS, JMS, and EJB
APIs. This complexity has not been limited to Java EE: The .NET
framework has been subject to the same trend. Writing an identical
application using .NET 2.0 requires an understanding of the ASP
.NET Web Services, Enterprise Services, and .NET Messaging APIs.

In contrast, as illustrated in Figure 1.1, SCA provides a uni�ed way
to build applications that communicate using a variety of protocols.

APIs

Protocols

Service Component
Architecture

Web 
Services

Remote
Binary

Other
BindingsMessaging

Applications

Services

Figure 1.1 SCA provides a uni�ed way to build distributed applications.
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Perspective: SCA and .NET

In recent years, increasing complexity has not been limited to Java EE: The .NET
framework has been subject to the same trend. Writing an identical application us-
ing .NET 2.0 requires an understanding of ASP .NET Web Services, Enterprise
Services, and .NET Messaging APIs.
Microsoft has spent signi�cant time addressing complexity in the .NET Framework.
Starting with version 3.0, .NET incorporates a programming model that uni�es web
services, remote procedure calling, queued messaging, and transactions. SCA intro-
duces a uniform way to perform distributed interactions. In SCA and Windows
Communication Foundation (WCF), application logic is invoked the same way
whether web services, a binary, or a messaging protocol is used (see Figure 1.2).

Figure 1.2 SCA and .NET architectures

Adapted from David Chappell, www.davidchappell.com.

This uni�ed approach simpli�es development by eliminating the need for applica-
tion logic to resort to specialized, low-level APIs. 

Windows Communications
Foundation

Web 
Services

Remote
Binary MSMQ DCOM

Applications

Services

APIs

Protocols

Service Component
Architecture

Web 
Services

Remote
Binary

Other
BindingsMessaging

Applications

Services

The second problem SCA addresses concerns reuse. There are two
basic types of code reuse: within the same process (intra-process
reuse) and across processes (inter-process reuse). Object-oriented
programming languages introduced innovative features, including
interfaces, classes, polymorphism, and inheritance that enabled
applications to be decomposed into smaller units within the same
process. By structuring applications in terms of classes, object-
oriented code could be more easily accessed, reused, and managed
than code written with procedural programming languages. 
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In the 1990s, distributed object technologies such as DCE, DCOM,
CORBA, and EJB attempted to apply these same principles of reuse
to applications spread across multiple processes. After numerous
iterations, the industry learned from distributed object technologies
that the principles of object-oriented design do not cleanly apply
across remote boundaries. Distributed object technologies often
resulted in application architectures that tightly coupled clients to
service providers. This coupling made systems extremely fragile.
Updating applications with a new version of a service provider
frequently resulted in client incompatibilities. Moreover, these tech-
nologies failed to adequately address key differences in remote
communications such as network latency, often leading to poor
system performance.

However, despite the shortcomings of distributed objects, the idea
behind inter-process reuse is still valid: There is far greater value in
code that is organized into reusable units and accessible to multiple
clients running in different processes. As we will explain in more
detail, SCA provides a foundation for application resources and
logic to be shared by multiple clients that builds on the lessons
learned from distributed objects. Similar to the way object-oriented
languages provide mechanisms for organizing and reusing in-
process application logic, SCA provides a way to assemble, man-
age, and control distributed systems. 

In order to achieve reuse, SCA de�nes services, components, and
composites. In SCA, applications are organized into components
that offer functionality to clients (typically other components)
through services. Services may be reused by multiple clients.
Components in turn may rely on other services. As we will see,
SCA provides a mechanism to connect or �wire� components to
these services. This is done through a composite, which is an XML
�le. Figure 1.3 shows a typical SCA application.

SCA provides a way
to assemble, man-
age, and control
distributed systems.

In SCA, applica-
tions are organized
into components
that offer function-
ality to clients
through services.

Composite

Components

Service

Figure 1.3 An SCA application
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SCA and Enterprise Architectures 
Unlike Java EE and .NET, SCA is not intended to be an all-
encompassing technology platform. SCA does not specify mecha-
nisms to persist data or a presentation-tier technology for building
user interfaces. Rather, SCA integrates with other enterprise tech-
nologies such as JDBC and Java Persistence Architecture (JPA) for
storing data in a database and the myriad of web-based UI frame-
works that exist today (servlets and JSP, Struts, JavaServer Faces
[JSFs], and Spring WebFlow, to name a few). Figure 1.4 illustrates a
typical SCA architecture, which includes the use of presentation
and persistence technologies.

SCA does not spec-
ify mechanisms to
persist data or a
presentation-tier
technology for
building user 
interfaces.

SCA Services

Presentation
Tier

Persistence JDBC/JPA, etc.

Composite

Composite
Remote Service

Clients

Figure 1.4 Using persistence and presentation technologies with SCA

In Chapter 10, �Service-Based Development Using BPEL,� and
Chapter 11, �Persistence,� we take a closer look at using SCA
with some of the more popular persistence and presentation 
technologies.
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Perspective: A New Way to Standards?

Today, SCA is a set of OASIS standards according to the of�cial processes and pro-
cedures laid out by that organization. Prior to OASIS, from November 2005 to
March 2007, SCA work was done as part of a collaboration of vendors, termed
�Open SOA� or OSOA (www.osoa.org). 
One of the primary reasons for doing this work outside of an of�cial standards orga-
nization was the immaturity of SCA and time-to-market: Standards organizations are
bureaucratic and their processes slow things down. This is not necessarily a bad
thing, particularly for mature technologies on which many businesses must rely for
years. In these cases, stability is an overriding concern.
SCA, in contrast, was a new technology in a rapidly evolving market. Consequently,
the collaboration participants needed the ability to make changes relatively quickly,
changes that would at times break compatibility with previous versions of the speci-
�cations. Even a cursory comparison of the 0.9 version of the speci�cations pub-
lished in November 2005 with the 1.0 version in March 2007 quickly reveals
signi�cant new features and areas that underwent substantial modi�cation. 
In hindsight, this was arguably the correct approach to take. One of the notable as-
pects of this process is that it diverged from the path taken by many previous speci�-
cations, in particular Java EE and CORBA, which were largely designed by of�cial
standards committees. In this respect, SCA shares more in common with how web
services standards began: as informal vendor collaborations prior to being submitted
to an of�cial standards organization.
Given that both web services and SCA efforts have taken the approach of using a
collaboration model prior to standardization, the industry may be witnessing a shift
in how technology speci�cations are developed. Although there are certainly up-
sides to this approach in terms of faster iteration, there are some potentially negative
consequences. One of those potential negative consequences is the �smoke-�lled
room scenario,� where a few vendors conspire to create speci�cations that do not
take into account �real� user requirements. We will need to wait and see whether
this collaborative approach becomes the modus operandi for new technology de-
velopment and whether it represents an improvement over speci�cations developed
entirely within a standards body.
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The remainder of this chapter provides an overview of SCA, cover-
ing its key concepts. However, rather than stopping at the custom-
ary technical introduction, we attempt to shed light on the things
not easily gleaned from reading the SCA speci�cations themselves.
In particular, we consider how SCA relates to other technologies,
including web services and Java EE. We also highlight the design
principles and assumptions behind SCA, with particular attention to
how they affect enterprise architecture. 

As with any technology, SCA has bene�ts and trade-offs. It is an
appropriate technology in many scenarios but it certainly is not in
all cases. Our intention in this chapter, and ultimately with this
book, is to equip readers with the understanding necessary to make
intelligent choices about when and how to use SCA. 

Perspective: The History of SCA

An outgrowth of vendor collaboration, it is probably more accurate to say SCA has a
number of �histories� as opposed to just one. Prior to OASIS and OSOA, the various
speci�cation participants worked on precursors to SCA, either as internal projects or
in informal cross-company working groups. BEA and IBM, for example, worked to-
gether for over a year on component model technologies, even jointly developing
code. Some of those technologies, including assembly, would later evolve into core
SCA concepts. 
What caused these various efforts among the different vendors to coalesce into SCA?
There are undoubtedly a number of reasons why this happened, but one common to
all the vendors was that each recognized that the Microsoft model of product devel-
opment was not viable in its market segment. Unlike Microsoft, which is big 
enough to unilaterally de�ne its own future, none of the original �Big Four� SCA
participants�BEA, IBM, Oracle, and SAP�had enough market presence to dictate
future technology direction alone. Industry consensus was crucial to achieving indi-
vidual vendor goals.
In BEA�s case, where both of us were employed, this lesson was learned over time.
Prior to SCA, BEA developed a proprietary programming model called Workshop
aimed at simplifying Java EE. Workshop adopted the Microsoft tactic of eschewing
standards in favor of gaining adoption through the introduction of innovative fea-
tures users wanted. This was perhaps not surprising given that the people behind
Workshop came from Microsoft. 
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The Essentials
SCA is built on four key concepts: services, components, compos-
ites, and the domain. Understanding the role each plays is funda-
mental to understanding SCA. In this section, we provide an
overview of these concepts before proceeding to a more detailed
look at how applications are built using SCA.

Services
In SCA, applications are organized into a set of services that per-
form particular tasks such as accepting a loan application, perform-
ing a credit check, or executing an inventory lookup. The term
service has been used in the industry to denote a variety of things.
In SCA, a service has two primary attributes: a contract and an
address.

Service Contract
A service contract speci�es the set of operations available to a
client, the requirements for the inputs, and the guarantees for the
outputs. Service contracts can be de�ned through several mecha-
nisms. In simple cases where a component is implemented using a
Java class, an interface may de�ne the service contract. Listing 1.1
is an example of a service contract with two operations de�ned by
a Java interface. The only thing speci�c to SCA is the @Remotable
annotation, which indicates that the service can be made available
to remote clients (more on this later).

SCA is built on four
key concepts: serv-
ices, components,
composites, and the
domain.

A service contract
speci�es the set of
operations avail-
able to a client, the
requirements for the
inputs, and the
guarantees for the
outputs.

Ultimately, the Workshop framework failed at its strategy to gain broader accept-
ance through innovation alone. BEA�s case is, however, not unique: The industry is
littered with unsuccessful attempts to push proprietary frameworks and program-
ming models. What happened with SCA was that the various independent initiatives
converged as vendors understood the importance of collaboration and consensus.
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Listing 1.1 A Java-Based Service Contract

@Remotable

public interface Calculator {

�oat add(�oat operand1, �oat operand2);

�oat subtract(�oat operand1, �oat operand2);

�oat multiply(�oat operand1, �oat operand2);

�oat divide(�oat operand1, �oat operand2);
}

Listing 1.2 A WSDL-Based Service Contract

<wsdl:de�nitions xmlns:clc="urn:com:bigbank:util:calculator" 
xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/"
xmlns:xs=http://www.w3.org/2001/XMLSchema
targetNamespace="urn:com:bigbank:util:calculator">

<wsdl:types>
<xs:schema targetNamespace="urn:com:bigbank:util:calculator">

<xs:element name="operands">
<xs:complexType>

<xs:sequence>
<xs:element name="arg1" type="xs:�oat"/>
<xs:element name="arg2" type="xs:�oat"/>

</xs:sequence>
</xs:complexType>

</xs:element>
<xs:element name="answer" type="xs:�oat"/>

</wsdl:types>

In more complex cases, service contracts may be declared upfront
before code is written using a specialized interface description
language, such as WSDL or IDL. This �top-down� or �contract-�rst�
development provides a way for organizations to maintain tighter
control over the interfaces services provide to clients. 

The most common language for top-down development in SCA is
the XML-based Web Services Description Language (WSDL). As its
name indicates, WSDL is most commonly used to de�ne web
service contracts. SCA also makes use of WSDL to specify service
contracts. Listing 1.2 presents the WSDL equivalent of the
Calculator service contract.



Service addresses
are fundamental to
reuse: They provide
a way for clients to
uniquely identify
and connect to
application logic.
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In top-down development, after the service contract is de�ned,
tooling is typically used to generate actual code artifacts. For
example, tooling will use the Calculator WSDL as input to generate
the previous Java interface shown in Listing 1.1. 

Service Address
Having seen that service contracts may be de�ned using Java inter-
faces, it may be tempting to think of services as simply analogous to
interfaces in object-oriented programming. This is true to the extent
that services de�ne the set of operations available to a client for a
particular component. However, services also have addresses,
which distinguishes them from interfaces. Clients obtain a reference
to a particular service through a service address. Service addresses
operate much like network addresses, uniquely identifying a partic-
ular machine on a network. Later in the chapter, we cover the me-
chanics of specifying service addresses and how applications use
them. The important concept to bear in mind is that service ad-
dresses are fundamental to reuse: They provide a way for clients to
uniquely identify and connect to application logic, whether it is 

Listing 1.2 continued

<wsdl:message name="calculatorRequest">
<wsdl:part element="clc:operands" name="operands"/>

</wsdl:message>
<wsdl:message name="calculatorResponse">

<wsdl:part element="clc:answer" name="answer"/>
</wsdl:message>

<wsdl:portType name="Calculator">
<wsdl:operation name="add">

<wsdl:input message="clc:calculatorRequest"/>
<wsdl:output message="clc:calculatorResponse"/>

</wsdl:operation>
<wsdl:operation name="multiply">

<wsdl:input message="clc:calculatorRequest"/>
<wsdl:output message="clc:calculatorResponse"/>

</wsdl:operation>
<wsdl:operation name="subtract">

<wsdl:input message="clc:calculatorRequest"/>
<wsdl:output message="clc:calculatorResponse"/>

</wsdl:operation>
<wsdl:operation name="divide">

<wsdl:input message="clc:calculatorRequest"/>
<wsdl:output message="clc:calculatorResponse"/>

</wsdl:operation>
</wsdl:portType>

</wsdl:de�nitions>
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co-located in the same process or hosted on a machine at some
remote location.

Components
In SCA, a component is con�gured code that provides one or more
services. A client connects to a service via an address and invokes
operations on it. This concept is illustrated in Figure 1.5.

In SCA, a compo-
nent is con�gured
code that provides
one or more 
services.

Clients call
service
operations.

Service

Component

Figure 1.5 Components have one or more services.

Components may be written in a variety of programming languages,
including Java and C++, and special purpose languages such as the
BPEL.

Creating a component involves two things: writing an implementa-
tion and con�guring it. Components written in Java are simple
classes. In other words, they do not have any special requirements
placed on them. Listing 1.3 demonstrates a simple calculator 
component.

Listing 1.3 A Java Component Implementation

public class CalculatorComponent implements Calculator {

public �oat add(�oat operand1, �oat operand2) {
return operand1+operand2;

}

public �oat subtract(�oat operand1, �oat operand2) {
return operand1-operand2;

}

public �oat multiply(�oat operand1, �oat operand2) {
return operand1*operand2;

}

public �oat divide(�oat operand1, �oat operand2) {
return operand1/operand2;

}
}
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When the preceding calculator component is deployed, it provides
a single service de�ned by the Calculator interface. Clients con-
nect to the Calculator service and invoke one or more of its oper-
ations.

Composites
The second step in creating a component is to con�gure it.
Components are con�gured using an XML con�guration �le called
a composite. This �le can be created by hand or using graphical
tooling. The XML vocabulary used to create composites is Service
Component De�nition Language (SCDL, pronounced �SKID-EL�).
Listing 1.3 shows a composite that con�gures the calculator com-
ponent using the implementation listed in Listing 1.4.

Components are
con�gured using an
XML con�guration
�le called a 
composite.

Listing 1.4 A Composite

<composite xmlns=http://www.osoa.org/xmlns/sca/1.0

name="CalculatorComposite">

<component name="Calculator">
<implementation.java class="com.bigbank.CalculatorComponent"/>

</component>
</composite>

In Listing 1.4, the <component> element is used to de�ne the cal-
culator component. The <implementation.java> element identi-
�es the component as being written in Java and the implementation
class. The other important item to note is that both components and
composites are assigned names, which are used to identify them.
This makes it possible to have multiple components use the same
component implementation�in this case, CalculatorComponent.

All but the most trivial applications will be composed of multiple
components. A composite may be used to con�gure more than one
component. Typically, it will make sense to con�gure related com-
ponents together in a single composite (therefore the name compos-
ite, because it is used to �compose� components). Listing 1.5 lists a
composite that con�gures two components: one that processes loan
applications and another that performs credit scoring.
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Listing 1.5 A Composite That Con�gures Multiple Components

<composite xmlns=http://www.osoa.org/xmlns/sca/1.0

name="LoanComposite">

<component name ="LoanComponent">
<implementation.java class="com.bigbank.LoanComponent"/>

<component>

<component name =" CreditComponent">
<implementation.java class="com.bigbank.CreditComponent"/>

<component>
</composite>

As we will do frequently throughout the book, the preceding com-
posite can be represented visually, as shown in Figure 1.6.

Figure 1.6 A graphical representation of a composite

In the previous example, both LoanComponent and
CreditComponent were implemented in Java. It is also possible to
con�gure components written in different languages in the same
composite. For example, if the loan application process required
work�ow, it may be more convenient to implement
LoanComponent using BPEL. In this case, the basic structure of the
composite remains the same, as shown in Listing 1.6.

Composite

Loan
Component

Credit
Component

Listing 1.6 A Composite with Components Implemented in BPEL and Java

<composite xmlns="http://www.osoa.org/xmlns/sca/1.0"

xmlns:bb="bigbank.com/xmlns/loanApplication/1.0"

name="LoanComposite">

<component name ="LoanComponent">



Figure 1.7 SCA middleware: the domain, runtimes, and containers 

Figure 1.7 depicts a domain with multiple runtimes. In an enter-
prise environment, domains may span many runtimes across dis-
tributed data centers. But it is also possible for domains to be small.
A domain may consist of a single SCA runtime (sometimes referred
to as a �server�) or may even be con�ned to an embedded device.

A domain consists
of one or more
cooperating SCA
servers, or SCA
runtimes, that host
components in
containers.

In an enterprise
environment, do-
mains may span
many runtimes
across distributed
data centers.
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In changing to BPEL, the only difference is the use of the 
<implementation.bpel> element in place of
<implementation.java> and pointing to the BPEL process as
opposed to the Java class name. 

The Domain
Composites are deployed into an environment running SCA mid-
dleware termed a domain. A domain consists of one or more coop-
erating SCA servers, or SCA runtimes, that host components in
containers. The relationship between a domain, its runtimes, and
component containers is shown in Figure 1.7.

Domain

SCA Runtime SCA Runtime

Component
Containers

Component
Containers

Listing 1.6 continued

<implementation.bpel process="bb:LoanProcess"/>
<component>

<component name =" CreditComponent">
<implementation.java class="com.bigbank.CreditComponent"/>

<component>
</composite>
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When a composite is deployed to a domain with more than one
runtime, its components may be hosted on different runtimes. For
example, when the previous loan application composite is
deployed, LoanComponent and CreditComponent may be hosted
in processes on different runtimes (see Figure 1.8).

The process of deploying a composite to one runtime or many is
vendor-speci�c. Some SCA runtimes may require additional con�g-
uration information identifying target machines. Other runtimes
may employ sophisticated provisioning algorithms that take into
account factors such as machine load. 

Composite

Deployment

Domain
Domain

Machine 2

Machine 1

Figure 1.8 A deployed composite

Although the capabilities offered by a domain will vary greatly by
SCA vendor (or open source implementation), all domains have
several common characteristics. Namely, domains provide man-
agement capabilities, policy framework, resource-sharing facilities,
and communications infrastructure. 

Management
Domains provide common management facilities for composites
deployed to them. A domain, for example, is responsible for acti-
vating and deactivating components on runtimes as composites are
deployed and removed. More sophisticated domain infrastructure
may provide additional management features, such as access con-
trol, monitoring, and troubleshooting.

Domains provide
management capa-
bilities, policy
framework,
resource-sharing
facilities, and 
communications
infrastructure.
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Policy
In enterprise systems, basic management needs are often
augmented by the requirement to enforce various constraints on
how code is executed. In SCA, constraints on the way code is exe-
cuted may take a variety forms, such as security (�use encryption
for remote invocations�), reliability (�provide guaranteed delivery of
messages to a particular service�), or transactionality (�invoke this
service in a transaction�). SCA domains contain rules that map
these abstract constraints to concrete runtime behaviors. 

These rules are termed policy. Traditional distributed system tech-
nologies typically leave the task of con�guring policy to individual
components or the application. In Java EE, for example, there is no
standard way to specify constraints or expectations across systems,
such as the type of security that must be enforced on services ex-
posed outside a corporate �rewall. Web services de�ne a way to
specify policy to external clients but require that each service be
con�gured individually. 

In contrast, a domain provides facilities for the global con�guration
of policies, which can then be applied to individual components,
particular connections between components, or composites. In
addition to fostering consistency across applications, global policy
con�guration simpli�es component development. Policies are gen-
erally de�ned using complex speci�cation languages such as WS-
SecurityPolicy and WS-Reliability. Global policy con�guration
means this complex con�guration can be done once by special-
ists�policy administrators�and reused across applications. 

Resource and Artifact Sharing
Without a mechanism for sharing resources and artifacts, any rea-
sonably sized distributed system would be unmanageable. A com-
mon type of shared resource in distributed systems is a service
contract. As we saw earlier, service contracts can be de�ned using
WSDLs or derived from language-speci�c means such as Java inter-
faces. In the case where one component is a client of another (the
�service provider�) and they are deployed to runtimes on different
machines, the service contract of the provider will typically need to
be accessible to the client. In practice, if both components are im-
plemented as Java classes, and the service contract is de�ned using
a Java interface, the interface must be available to the client
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process. Components may share additional artifacts, such as
schemas (XSDs) that de�ne the structure of messages that are re-
ceived as inputs to an operation on a service contract. Components
may also rely on shared code, such as libraries. The domain serves
as a repository for these artifacts, which, as we will see in more
detail, are made accessible to components that require them.

Common Communication Infrastructure
Domains provide the communication infrastructure necessary for
connecting components and performing remote service invoca-
tions. When a composite is deployed, the domain is responsible for
provisioning its components to one or more runtimes and establish-
ing communication channels between them (see Figure 1.9). 

The domain establishes a
communications channel
between components.

Figure 1.9 The domain communication infrastructure

To support distribution, a domain includes a proprietary communi-
cation layer. This communication layer varies by vendor but may
be based on web services protocols, a binary protocol, or some
other protocol altogether. In this respect, a domain is akin to mes-
sage-oriented middleware (MOM) systems. Although MOM systems
may adopt a standard API such as JMS, their underlying communi-
cation protocol remains proprietary.

One advantage that SCA�s communications infrastructure has over
standardized protocols is that it is in control of both the client and
service provider. As a result, users can be general in the way they
specify requirements for a wire. This helps reduce complexity, as
application code is not required to use low-level APIs. 

For example, a user can specify that the wire should deliver mes-
sages reliably by marking the end of the wire as requiring reliability.

Domains provide
the communication
infrastructure nec-
essary for connect-
ing components
and performing
remote service
invocations.
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As we will show in later chapters, this can be done via a Java anno-
tation or in XML con�guration. It is incumbent on the infrastructure
to �gure out how to do this. It could use a JMS queue or it could
use web services with WS-ReliableMessaging. If the message
sender and receiver are on the same machine and the receiver is
ready to receive the message, the message can be delivered to the
receiver in an optimized fashion.

Extensibility
SCA does not standardize a way to connect runtimes in a domain.
Consequently, like messaging systems, domains are largely single-
vendor. However, most SCA implementations de�ne a proprietary
extensibility mechanism that enables third-party runtimes to partici-
pate in a domain. 

Is the single-vendor nature of a domain a bad thing? Perhaps, as it
creates a �closed� middleware environment. The single-vendor
nature of domains does, however, also have practical bene�ts.
Having control over all endpoints in a system allows for communi-
cation optimizations. Also, if SCA had standardized a domain ex-
tension mechanism, its capabilities would likely have been
signi�cantly reduced due to the dif�culty in achieving consensus
among the different vendors. 

Perspective: Is SCA a SOA Technology?

People often ask: Is SCA a technology for Service-Oriented Architecture (SOA)? The
answer is, it depends. The problem is that SOA has been hyped to such a degree and
means so many different things that it has become virtually useless as a way of char-
acterizing a technology. For some, SOA involves writing applications as discrete
units of functionality that interoperate regardless of the language they are imple-
mented in. In other words, SOA relies on interoperable web services that are highly
autonomous. For others, SOA is a design pattern for organizing an application as
units that interact via contracts. Contrary to the �rst view, these units may not be au-
tonomous.
SCA aligns more closely with the latter than the former. In other words, SCA is a
technology for assembling applications from services that are managed by a com-
mon infrastructure. To be sure, SCA services may use interoperable protocols and
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communicate with other services not managed by that common infrastructure, but
those are not requirements mandated by SCA. It�s likely that many, maybe even
most, SCA services will be accessible only by software running on infrastructure
provided by the same vendor.
Is this SOA? It depends on your perspective. What really matters is that the bene�ts
and trade-offs associated with SCA are clearly understood. To avoid becoming bogged
down in terminology, we consciously avoid the label SOA and simply describe SCA as
service-based. As we explain in this section, SCA has a very speci�c de�nition of a
service, so this will help avoid the confusion caused by the vagueness of SOA.

The Extent of a Domain 
Having covered the key characteristics of a domain and its role in
SCA, we return to the question of what determines its scope. The
number, shape, and size of domains may vary in an organization.
An organization could choose to have one domain or many. Two
key factors will inform this choice: how information technology (IT)
assets are organized and managed, and which SCA implementation
is used. 

Because a domain is used to manage composites and their compo-
nents, it is natural for the domain structure to re�ect how an orga-
nization manages its technology assets. A small company may
have one technology department responsible for managing all of
its systems, in which case they would likely have a single domain.
A large multinational corporation, on the other hand, may have
multiple autonomous technology departments, each responsible
for their own systems. In this case, the multinational would proba-
bly elect to have multiple domains under the control of each 
department.

A second factor in determining the size of a domain is the SCA
implementation. SCA runtimes are not portable to any domain. That
is, there is no standard way to create a domain consisting of mul-
tiple vendor runtimes. If an organization uses more than one SCA
implementation because it has not standardized on one or it re-
quires proprietary features for certain components, it will need to
run multiple domains. 

Because a domain
is used to manage
composites and
their components, it
is natural for the
domain structure to
re�ect how an
organization man-
ages its technology
assets.
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This is not to say that a component deployed to a domain will be
unable to invoke a service provided by a component in another. 
As we will see later, SCA provides mechanisms for communicating
across domains and with non-SCA services. It does mean, however,
that both components will be managed and administered 
independently.

Perspective: SCA and Java EE�Embrace and Extend,
Replace, or Just Confusion?

Various industry pundits have predicted the waning of Java EE as a dominant enter-
prise development platform, often due to its increasing complexity. Some point to
advances in Microsoft�s .NET Framework as the death-knell for Java EE. Others high-
light the mindshare Spring has gained among Java developers as evidence of Java
EE�s waning. Among Java EE�s more trendy detractors, it has become popular to list
Ruby on Rails and other dynamic language-based frameworks as likely successors,
which they claim are far more productive. Although it is easy to dismiss the more
extreme claims of Java EE�s demise (many enterprises have mission-critical Java EE
applications that will remain in production for years to come), it is also evident that
Java EE does not possess the allure it once did. 
Enter SCA into this picture. Is it intended to embrace and extend or replace Java EE?
SCA�s relationship to Java EE is multifaceted, which is to say there is no simple an-
swer. JPA, for example, provides a nice complement to SCA, which does not specify
a persistence technology. Likewise, servlets and JSPs can be used to build a presen-
tation tier for SCA components. However, when it comes to writing application
logic, SCA�s Java-based programming model offers a single alternative to EJB, JMS,
and JAX-WS. 
This story is, however, complicated by the fact that SCA also provides support for
implementing components using EJB. It may appear as if SCA is schizophrenic. On
the one hand, it offers a competing technology to EJB, but on the other, it extends it.
Part of the confusion undoubtedly is a result of SCA being the product of a collabo-
ration among a diverse set of industry vendors and organizations, each with their
own view and goals. Some collaborators felt that creating a replacement for EJB and
JAX-WS was technically unnecessary or too risky in that it would have dif�culty
gaining market acceptance. Others, taking the opposite view, argued that a new
Java-based programming model was needed because existing technologies did not
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adequately address the demands of distributed computing. In the end, a compro-
mise was reached where SCA would support a number of different implementation
technologies.
The focus of this book is on the SCA Java-based programming model, as opposed to
other alternatives such as EJB, JAX-WS, or Spring. Although we endeavor to present
an accurate view of SCA, a comprehensive overview of all technology options
would be impractical and likely incoherent. Therefore, in places we were left with
having to make choices. We chose to focus on the SCA Java-based programming
model because, in our opinion, it offers the best option for service-based develop-
ment using Java.
This view is likely to prove to be controversial, particularly among some of the SCA
collaboration participants. However, we consider this position to be pragmatic. Java
EE has a number of disparate component models and APIs (EJB, JMS, JAX-WS, and
even JSF!) that are not particularly easy to use or well-suited to service-based devel-
opment. The SCA Java-based programming model represents a uni�ed approach
that was designed from the ground up to serve these purposes. It offers a far more
productive environment for developers who do not need (or want) to deal with the
complexity of Java EE�s lower-level programming model APIs. 
Moving forward, it is our opinion that Java EE will be viewed less as a platform than
as a collection of technologies. Developers will �Balkanize� Java EE by picking and
choosing speci�c technologies to complement SCA. Although developers have been
selectively using Java EE technologies since its inception (few use the entire set of
Java EE APIs), it will increasingly be the case that Java EE does not offer a complete
solution to mainstream development requirements. 
In other words, SCA will embrace some Java EE technologies and replace others.
SCA will likely coexist with technologies focused on the presentation and data tiers,
where it does not offer alternatives (in particular, servlets, JSPs, and JPA). In those ar-
eas where it overlaps with Java EE�notably EJB and JAX-WS�SCA will eventually
serve as a replacement.

Implementing Components
SCA applications are best characterized as interconnected compo-
nents assembled together in one or more composites, where the
components may be implemented in a variety of programming
languages. Clients, whether they are non-SCA code or other SCA
components, interact with components through the services they

Components may
be implemented in
a variety of pro-
gramming
languages.
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offer. The implementation details of a particular component�what
language it is written in, how it is con�gured, and what things it
depends on�are hidden from clients. Having covered the external
facts of a component, we now turn to its internal aspects using the
SCA Java programming model.

The Component Implementation
Writing components using the Java programming model is straight-
forward�SCA does not mandate any special requirements. As the
example in Listing 1.7 illustrates, components can be implemented
by ordinary Java classes with a few optional annotations.

Listing 1.7 The Component Implementation

public class LoanComponent implements LoanService {
private String currency;
private CreditService service;

@Property
public void setCurrency(String currency){

this.currency = currency;
}

@Reference
public void setCreditService(CreditService service){

this.service = service;
}
public void applyForLoan(LoanApplication application){

// ....
}

public int checkStatus(String applicationID){
// ....

}
}

Now, let�s examine what the annotations in Listing 1.7 mean.

Properties
Properties de�ne the ways in which a component can be con�g-
ured (see Figure 1.10). As an example, a loan application compo-
nent may have a property to calculate values in euros, U.S. dollars,
pounds sterling, or yen. 

Properties are manifested differently depending on the implementa-
tion language used for components. In Java, a property is de�ned
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by placing an @Property annotation on a method; as we will see
in following chapters, �elds and constructor parameters may also
be properties (see Listing 1.8).

Figure 1.10 Properties are used to con�gure components.

Properties define the ways a
component can be configured.

Component

Listing 1.8 A Component Property

public class LoanComponent implements LoanService {
private String currency;

@Property
public void setCurrency(String currency){

this.currency = currency;
}

// �
}

The actual property values are speci�ed in a composite �le, typi-
cally as part of the component de�nition. When a component in-
stance is created, the runtime it is hosted on will set all properties
con�gured for it. For LoanComponent in Listing 1.8, the runtime
will set the currency to a string speci�ed in the composite, such as
�USD� or �EUR.�

Properties assist with reuse but, more importantly, they allow cer-
tain decisions to be deferred from development to deployment. A
typical case is components that must be con�gured differently in
development, testing, staging, and production environments: For
example, a component that is con�gured to connect to a database
differently as it moves from development, testing, staging, and 
�nally into production. 

Properties assist with
reuse but, more
importantly, they
allow certain deci-
sions to be deferred
from development to
deployment.



Figure 1.11 A reference is a dependency on another service.

Similar to properties, references are manifested differently depend-
ing on the language in which the component is implemented. In
Java, a reference is de�ned by placing an @Reference annotation
on a method. (Fields and constructor parameters are also
supported.) The type of the method parameter corresponds to the
contract of the service requested, as shown in Listing 1.9. 

A reference is a
dependency on
another service,
which the compo-
nent connects to at
runtime.
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References
Components also have references. A reference is a dependency on
another service, which the component connects to at runtime (see
Figure 1.11). The loan component may have a reference to a
service that returns a rate table stored in a database. The rate table
service could be offered by another component whose purpose is
to hide the intricacies of querying and updating the database. 

References define dependencies 
on other services that the component 
connects to at runtime.

Component

Listing 1.9 A Reference

public class LoanComponent implements LoanService {
private CreditService service;

//�

@Reference
public void setCreditService(CreditService service){

this.service = service;
}

// �
}
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Unlike tradition programming models, SCA component implemen-
tations do not look up their service dependencies using an API such
as JNDI. The target of the reference�that is, which speci�c service
it points to�is con�gured as part of the component de�nition in a
composite �le. References are made available to components the
same way properties are: When a component instance is created,
the SCA runtime will use dependency injection to set a proxy that is
connected to the appropriate target services. 

After the runtime has provided the component with a proxy to the
reference�s target service, it can be invoked like any other object.
The component can invoke one of its methods, passing in parame-
ters and receiving a result, as demonstrated in Listing 1.10.

Listing 1.10 Invoking a Service Through a Wire in Java

public class LoanComponent implements LoanService {
private CreditService service;

private String currency;

@Property
public void setCurrency(String currency){

this.currency = currency;
}

@Reference
public void setCreditService(CreditService service){

this.service = service;
}

public void applyForLoan(LoanApplication application) {
// invokes the service through a wire supplied by
// the SCA runtime
int result = service.checkCredit(customerID);

}
}

References provide a level of power and sophistication that is dif�-
cult to achieve with earlier component technologies. References
can be �rewired� to newer versions of a service at runtime.
References can also be used to track dependencies in a system. A
management tool that understands SCA metadata could analyze
component dependencies in a system to assess the impact of up-
grading a component that is used by many clients.

The SCA runtime
will use depend-
ency injection to
set a proxy that is
connected to the
appropriate target
services.
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Assembling Composites
A composite �le de�nes one or more components, sets their prop-
erties, and con�gures their references. Listing 1.11 provides the full
listing of LoanComposite used in previous examples. 

A wire is a commu-
nication channel
between the client
component and the
target service.

Listing 1.11 LoanComposite

<composite xmlns=http://www.osoa.org/xmlns/sca/1.0

name="LoanComposite">

<component name="LoanComponent">
<implementation.java class="com.bigbank.LoanComponent"/>
<property name="currency">USD</property>
<reference name="creditService" target="CreditComponent"/>

<component>

<component name="CreditComponent">
<implementation.java class="com.bigbank.CreditComponent"/>

<component>
</composite>

To recap, the meaning of the XML elements in the preceding com-
posite is fairly straightforward, as follows:

� The <component> element de�nes a component and as-
signs it a name that is used to reference it at later points in
the composite.

� The <implementation.java> element indicates that both
components are implemented using the SCA Java program-
ming model.

� The <property> elements con�gures the value of a compo-
nent property.

The <reference> element warrants a more detailed explanation.
Reference elements are used to con�gure target services for compo-
nent references. In the preceding listing, LoanComponent has a
reference con�gured to use CreditService provided by
CreditComponent. When a component instance is created, the
SCA runtime connects its references to the appropriate target serv-
ices via proxies. In the listing, the runtime connects
LoanComponent to CreditService provided by
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CreditComponent. This connection is called a wire. A wire is a
communication channel between the client component and the
target service (see Figure 1.12). 

Figure 1.12 A wire is a communications channel.

Because components can be co-located (in the same process) or
hosted in separate runtimes, wires can be local or remote. From the
perspective of the client component, however, a wire does not ap-
pear any different. In Java, a proxy backed by a wire will look like
any other object.

In addition to con�guring components and wiring them, composites
serve several other important purposes. Developing applications
routinely involves interfacing with external systems or services.
Similarly, applications must often expose services to external
clients. In many cases, these systems and clients will not be built
using SCA. Composites provide mechanisms for making SCA serv-
ices available to clients outside of a domain (for example, available
to non-SCA code) and for accessing services outside the domain (for
example, implemented by non-SCA code such as a .NET service).
Publishing a service or accessing an external service from a compo-
nent is done through con�guration elements in the composite
(SCDL �le). The process of applying this con�guration is termed
�binding a service and reference.�

Binding Services and References
In SCA, bindings are used to con�gure communications into and
out of a domain. Bindings are assigned to the services and refer-
ences of a component in a composite �le. For example, to expose a
service as a web service endpoint to external clients, the web
service binding is used. SCA de�nes bindings for web services, JMS,
and JCA. Some SCA implementations also support additional bind-
ings, including RMI, AMQP (a messaging protocol), and XML/HTTP. 
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Listing 1.12 shows a service con�gured with the web service 
binding.

In the preceding composite, the <binding.ws> element instructs
the SCA runtime to expose LoanService as a web service endpoint
at the address speci�ed by the uri attribute. When the composite is
deployed to a domain, the SCA runtime activates the web service
endpoint and forward incoming requests to LoanComponent.

Similarly, component references may be bound to communicate
with external services, such as a .NET web service. The code in
Listing 1.13 binds a reference to a web service.

Listing 1.12 Exposing a Service as a Web Service Endpoint

<component name ="LoanComponent">
<implementation.java class="com.bigbank.LoanComponent"/>
<service name="LoanService">

<binding.ws uri="http://www.bigbank.com/
�loanApplicationService"/>

</service>
</component>

Listing 1.13 Binding a Reference to a Web Service Endpoint

<component name ="LoanComponent">
<implementation.java class="com.bigbank.LoanComponent"/>
<reference name="rateService">

<binding.ws uri="http://www.acme.com/rateService"/>
</reference>

</component>

In the previous listing, the SCA runtime will ensure that the bound
reference �ows invocations using standard WS-* protocols to the
target web service. How this is done is transparent to the compo-
nent implementation. In Java, the component needs to invoke only
a method on an object; transport-speci�c API calls (such as JAX-
WS) are not needed (see Listing 1.14).
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The key point about bindings is that they are handled through con-
�guration in a composite �le. This eliminates the need for compo-
nents to use protocol-speci�c APIs. Besides simplifying component
implementations, this has two important practical effects. First, it
allows the actual protocol used to be changed at a later date with-
out having to modify the component implementation. For example,
JMS, or a binary protocol such as RMI, could be substituted for web
services. Second, it allows services to be bound to multiple proto-
cols. A service could be con�gured with binding entries for both
web services and JMS, in which case it would be exposed to clients
using either of those protocols.

Composites as a Unit of Deployment 
Often, despite the fact that related components may be intended for
deployment to different runtimes, it makes sense to manage them
as a unit. Applications are typically subdivided into a set of compo-
nents that depend on one another and cannot operate in isolation.
In these cases, composites provide a means to group related com-
ponents so that they may be treated atomically. 

When a composite is deployed to a domain, its components will be
started. Similarly, when a composite is undeployed, its components
will be stopped. In distributed domains, components may be 
deployed to and undeployed from multiple runtimes. One way to
think of a composite, then, is as a counterpart to a Java EE
Enterprise Archive (EAR) or .NET Assembly. 

Listing 1.14 Invoking on a Bound Reference in Java

public class LoanComponent implements LoanService {
private RateService service;

@Reference
public void setRateService(RateService service){

this.service = service;
}

public void applyForLoan(LoanApplication application) {
// invokes the service through a wire supplied by the 
// SCA runtime
int result = service.checkCredit(customerID);

}
}
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A signi�cant difference, however, between SCA and Java EE is that
SCA applications are generally more modular than their Java EE
counterparts. Experience with Java EE informed much of the design
of SCA in this regard. In Java EE, applications are deployed in self-
contained archives: EARs or Web Archives (WARs). Although this
deployment model works for many applications, for many others it
poses severe limitations, particularly when artifacts need to be
shared across applications. 

SCA applications may consist of multiple composites, thereby mak-
ing their internal structure more loosely coupled. Each composite
can be maintained and evolved independently, as opposed to being
part of a single deployment archive. This modularity and loose
coupling allow for greater �exibility in maintaining enterprise appli-
cations, which must stay in production for years. With SCA, it is
possible to upgrade some composites without having to redeploy
all the composites in an application. 

Deploying to a Domain
Components rarely exist in isolation. In all but the most trivial ap-
plications, components rely on supporting artifacts, other code
such as classes, and sometimes libraries. In SCA, composite �les
and component artifacts�for example, implementation classes,
schemas, WSDLs, and libraries�are packaged as contributions.
The standard contribution format is a ZIP archive, but an SCA im-
plementation may support additional packaging types, such as a
directory on a �le system. Although not strictly required, a contri-
bution archive may contain an sca-contribution.xml �le in a META-
INF directory under the root. Similar to a JAR MANIFEST.MF �le,
the purpose of the sca-contribution.xml is to provide the SCA im-
plementation with processing instructions, such as a list of the de-
ployable composites contained in the archive. 

Prior to deployment, composites must be installed in a domain as
part of a contribution. After a contribution has been installed, its
contained composites may be deployed. How installation and de-
ployment is done will depend on the environment. During devel-
opment, this may involve copying a contribution archive to a
deployment directory, where the SCA runtime will automatically
install it and deploy contained composites. In a data center, where
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more rigorous processes are likely to be in place, a command-line
tool or management console can be used to install the archive and
subsequently deploy its composite (or composites, because a con-
tribution may contain more than one). 

Unlike Java EE EARs and WARs, contributions are not required to
be self-contained. A contribution may refer to artifacts such as inter-
faces, classes, or WSDLs in other contributions by �rst exporting an
artifact in a containing contribution and then importing it in 
another. Imports and exports are done via entries in the sca-
contribution.xml manifest. For example, a manifest exports a WSDL
for use in other contributions by specifying its fully quali�ed name
or QName (see Listing 1.15).

Listing 1.15 A Contribution Export 

<?xml version="1.0" encoding="ASCII"?> 
<contribution xmlns=http://www.osoa.org/xmlns/sca/1.0> 
<!- .... -- >
<export namespace="http://acme.com/LoanService/> 

</contribution>

The WSDL is then imported in another contribution by referring to
its fully quali�ed name in an import entry, as shown in Listing 1.16. 

Listing 1.16 A Contribution Import 

<?xml version="1.0" encoding="ASCII"?> 
<contribution xmlns=http://www.osoa.org/xmlns/sca/1.0> 
<!- .... -- >
<import namespace="http://acme.com/LoanService/> 

</contribution>

When the composite in the second contribution is deployed, it is
the job of the runtime to ensure that the WSDL and all other im-
ported artifacts are available to its components. 

The mechanics of how a domain resolves imports to actual contri-
butions is (thankfully) transparent to developers and administrators:
Contribution manifest entries are the only thing required. Typically,
under the covers, an SCA implementation will use a repository to
index, store, and resolve contribution artifacts, as pictured in 
Figure 1.13.

Unlike Java EE
EARs and WARs,
contributions are
not required to be
self-contained.
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Figure 1.13 Storing a contribution in a domain repository

When a contribution is installed that imports an artifact, the SCA
implementation will resolve it against the repository and make it
available to the contribution.

The Deployment Process
What happens when a composite is deployed to a domain? A num-
ber of steps must take place prior to the point when its components
become active. Although various SCA implementations will vary in
speci�cs, we enumerate the general steps involved in deployment
here.

Allocation
The loosely coupled nature of composites allows them to be dis-
tributed, possibly spanning geographic regions. A composite may
contain components deployed in different data centers. When a
composite is deployed, its components are allocated to a set of
runtimes. In the case where there is only one runtime in the do-
main, this is straightforward: Components are always allocated to
the same runtime. In the scenarios depicted previously, where there
are multiple runtimes potentially spread across data centers, alloca-
tion will be more involved. A number of factors need to be taken
into account by the domain. For example, is a particular runtime
capable of hosting a component written in Java, C++, or BPEL?
Other factors may come into play as well, such as co-locating two
wired components in cases where performance is critical.

Contribution Archive

SCA Domain

Archive is contributed 
to a domain.

Artifacts are provisioned
to runtimes.

SCA Runtimes

Contribution
Repository

XSDWSDL
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Wiring
As components are allocated, the domain must connect wires be-
tween them. When two components are allocated to different run-
times, the domain must establish a communication channel
between the two. When no protocol is chosen by the user, it is up
to the SCA implementation to decide how remote communication
should be handled. Depending on the implementation, the actual
protocol used could be web services (WS-*), RMI, JMS, or a propri-
etary technology. One important factor any implementation must
account for when selecting a protocol is the policies associated
with the wire. If transactions are speci�ed on the wire, for example,
the protocol must support transaction propagation. The domain
may also select a communication protocol based on the require-
ments of the client component and target service. For example,
when wiring two Java component implementations, the domain
may choose RMI as the transport protocol. Or if the target were
implemented in C++ as opposed to Java, web services may be se-
lected based on interoperability requirements.

Exposing Bound Services as Endpoints
When the domain has allocated a composite to a runtime or set of
runtimes, bound services must be made available as endpoints. For
example, a service bound as a web service must be exposed as a
web service endpoint. If a service is bound to JMS, the domain will
attach the service as a listener to the appropriate message topic or
queue (see Figure 1.14).

It is also possible to bind a service multiple times to different proto-
cols. A service could be exposed as both a web service endpoint
and JMS listener. The mechanics of how the domain performs the
actual endpoint binding are transparent to the developer and
deployer.

JMS Topic or Queue

Component

The SCA runtime binds the service to a JMS listener.

Figure 1.14 Binding a service as a message endpoint
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Domain Constraints
Domains are designed to simplify the tasks of establishing remote
communications, endpoint setup, and resource sharing that are left
to developers and deployers in traditional programming models.
However, with any technology, there are bene�ts and trade-offs.
SCA is no different. Although domains provide a number of bene-
�ts, they also impose certain constraints. 

The fact that domain infrastructure is single-vendor means that
there is no interoperable way of constructing cross-implementation
domains. In other words, a domain cannot be created from mul-
tiple vendor (or open source) SCA runtimes in any standard way (of
course, vendors could agree to support interoperability in some
nonstandard way). This imposes two important practical
constraints. First, composites cannot be deployed across multiple-
vendor SCA runtimes. The absence of domain interoperability also
limits the size of a domain to the component types a particular
vendor supports, either natively or through container extensions. If
an alternative container is required to host a particular component
implementation type, it must be deployed to a different domain
capable of running it. 

Contrast this lack of domain interoperability to a web services envi-
ronment where each service is independent and is potentially
hosted on entirely different vendor platforms. In this respect, SCA is
closer to MOM; there is a one common infrastructure environment,
as opposed to many autonomous, but interoperable, islands. 

Are the trade-offs between simplicity and common management
versus vendor lock-in worth it? There is no way to answer that
question in general. However, individual projects can make an
informed decision by understanding when SCA may be used effec-
tively and when other technologies are more appropriate. Given
the importance of web services, architects and developers will
likely be confronted with designing systems using SCA or web serv-
ices technologies directly.
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SCA and Web Services
Both SCA and web services claim to be technologies for building mul-
tilanguage, loosely coupled services in a distributed environment.
Why not just use web services exclusively to build applications?
Recalling that SCA domains are built on single-vendor infrastructure,
web services offer a key advantage. They limit vendor lock-in to indi-
vidual service deployments, as opposed to wider subsystems.

To understand how SCA relates to web services, it is useful to divide
web service technologies into a set of interoperable communication
protocols (the WS-* speci�cations) and programming models for us-
ing those protocols (for example, in Java, JAX-RPC, and JAX-WS). 

At the most basic level, web services deal with protocol-level inter-
operability. They de�ne how application code communicates with
other code in a language-neutral, interoperable manner. Web serv-
ices make it possible for Java code to communicate with C#, PHP, or
Ruby code. Web services achieve interoperability by specifying how
service contracts are de�ned (WSDL) and how data is encoded over
particular communications transports (for example, SOAP over
HTTP, WS-ReliableMessaging, WS-Security, and so on). 

Web services programming models such as JAX-WS de�ne APIs and
Java annotations for accessing other web services and making code
available as an endpoint. These programming models are speci�c to
web services; their goal is not to provide a communications API that
abstracts the underlying transport.

Perspective: Interoperability and Portability 

Standards such as SCA, web services, and Java EE often have quite different goals.
The WS-* speci�cations are about interoperability; that is, providing protocols that
different vendor runtimes can use so that software hosted on those platforms can
work together.
In contrast, Java EE and SCA are not concerned with interoperability. Java EE does
not specify, for example, a protocol for clustering different vendor application

Web services pro-
gramming models
such as JAX-WS de�ne
APIs and Java annota-
tions for accessing
other web services
and making code
available as an end-
point.



36 Introducing SCA

servers or a common messaging protocol. Similarly, SCA does not specify a way for
different vendor runtimes to operate as part of a single domain.
Rather, the goal of both Java EE and SCA is portability. For Java EE, portability means
application portability�that is, the ability to run an application on multiple vendor
runtimes without modi�cation. Java EE has been criticized for not living up to this
goal. Critics have pointed out that application server vendors often interpret the Java
EE speci�cations differently, resulting in runtime-speci�c behavior. Also, as Java EE
critics argue, the speci�cations don�t address many application requirements, forc-
ing users to rely on nonportable, proprietary features of a vendor runtime.
In comparison to Java EE, SCA has adopted more modest portability goals. Much of
the initial focus of the speci�cation working groups has been on skills portability, as
opposed to application portability. Speci�cally, the speci�cation authors have con-
centrated more on creating a common programming and assembly model than on
de�ning strict runtime behavior. Absent the loftier goal of application portability, the
thinking went, skills portability would at least shorten the learning curve for devel-
opers moving between different vendor runtimes. 
This is not to say that SCA is unconcerned with application portability. As the speci-
�cations have matured, the working groups have focused more on obtaining this
higher degree of portability. For example, when the speci�cations are �nalized in
OASIS, conformance test suites that verify common runtime behaviors will be made
available.
Taking a slightly cynical view, one could claim that the SCA vendors have purposely
downplayed application portability as a way to lock users into their proprietary run-
times. Obviously, vendors have very little interest in complete runtime standardiza-
tion. If this were to happen, all runtimes would essentially be the same, except
perhaps for slight performance differences. There would be no way for vendors to
differentiate their implementations by offering unique features.
However, life is more complicated in the standards world. A better argument for
why SCA has adopted modest portability goals would account for a number of fac-
tors. Certainly there is vendor interest in maintaining proprietary features. Another
factor was a practical consideration. Realizing how dif�cult it is to obtain consensus
on new technologies when usage patterns are not clear-cut, and having learned
from Java EE�s failure to achieve practical application portability, the speci�cation
authors adopted less ambitious, but arguably more realistic, portability goals. 
That said, as SCA matures and experience using it increases, expect application
portability to become an increasingly important goal. 
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Both at the protocol and programming model level, web services
make an important assumption: They were designed for communi-
cating between software that has nothing in common. Web service-
based architectures consist of �islands of functionality� that interact
with one another (see Figure 1.15). 

Figure 1.15 Web service versus SCA architecture

This is not surprising given the array of vendors backing web serv-
ices standards and their opposed worldviews. However, several
consequences follow from this.

First, developing web services can be a complex, labor-intensive
process. Sometimes this is necessary. In order to avoid problems
with interoperability, top-down development is generally recom-
mended where service contracts are designed upfront in WSDL.
Dealing with WSDL is not trivial, notwithstanding tooling designed
to alleviate many of the repetitive and error-prone tasks. 

A second consequence of web services architecture is that any
given service can only make minimal assumptions about the serv-
ices it interacts with. This limits the degree of management and
coordination that can effectively be done across services. It also
limits any optimizations that may be done to increase communica-
tions performance.

Web service architectures certainly have their place when commu-
nicating with services from different companies or between auto-
nomous divisions within a company. However, not every
component has to integrate with other components as if another
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company hosted them. Often, components are not independent.
They may share common resources, require common policies such
as transactionality, or may be capable of using more ef�cient com-
munications protocols than web services. In these cases, it is useful
to have infrastructure that can provide these features and simplify
the task of assembling components into applications. What SCA
offers in relation to web services is simplicity, �exibility, and the
ability to manage related software components.

Unlike many web services APIs, such as JAX-WS, the SCA program-
ming model does not expose the transport binding used to commu-
nicate into or out of a component. As we show in ensuing chapters,
SCA greatly simpli�es the task of writing distributed code by remov-
ing the need for developers to use low-level APIs to invoke services.
For those accustomed to low-level access, this may seem like a
burdensome restriction, but for most developers, it frees them from
having to pollute application code with potentially complex APIs.

Equally important to simplifying application code, SCA frees devel-
opers from having to con�gure policy (for example, security, trans-
actions) and transport protocols for every service or component.
Policies can be con�gured once and reused by multiple compo-
nents with simple one-word declarations, such as require �con�-
dentiality� on this wire. The intricate details of WSDL, WS-Policy,
and the other WS-* technologies (if they are used at all) can be
safely avoided by most SCA application code.

Using SCA has another important advantage: It is designed to be
dynamic and handle change. Suppose a new security protocol
needs to be introduced between two components. Or consider the
case where a new version of a web services standard is introduced.
If the components were written against lower-level web services
APIs, such changes will likely involve code migration. With SCA,
an administrator can adapt the components through con�guration
changes without affecting code. 

A further advantage to using SCA is that it allows protocol swapping
without requiring code changes. For example, RMI could be substi-
tuted for web services where communication performance between
two Java-based components is the most important concern. If a
component implementation were coded to a particular API such 
as JAX-WS, this may entail a near-complete rewrite. With SCA,
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protocol swapping amounts to a con�guration change. In this
sense, SCA is protocol-agnostic; it enables users to select the one
most appropriate to the task at hand, be it web services, XML/HTTP,
RMI, JMS, or some other technology.

Spring and SCA: Wiring in the Small Versus Large 

One question that is inevitably raised when explaining SCA to Java developers is
how it differs from Spring. Both have a Java programming model and share similar
design principles, such as dependency injection. The short answer is that they over-
lap somewhat (parts of the programming model) but address different problem
spaces. Spring, for example, includes presentation- and data-tier technologies,
whereas SCA does not. More fundamentally, though, whereas Spring focuses on
�wiring-in-the-small� in traditional applications, SCA addresses both that case and
�wiring-in-the-large� across loosely coupled, distributed components.
By �wiring-in-the-small,� we mean the assembly of components (or �beans� in
Spring terminology) in a single address space. In contrast, �wiring-in-the-large� en-
tails component assembly across remote boundaries. To be sure, Spring does have
facilities for handling remote invocations and messaging (via message-driven
POJOs). However, these are quite different than wiring-in-the-large, which brings to
the forefront additional considerations: deployment, resource sharing, policy en-
forcement, and lifecycle management in a distributed environment, to name a few
of the most important. 
Wiring-in-the-large introduces a new class of middleware designed to coordinate
and run loosely coupled components across multiple hosts. This is a departure from
the traditional Java EE two- and three-tier architectures Spring grew out of, which
exhibit an essentially silo design.
With this concern on wiring-in-the-large, even in areas where SCA and Spring over-
lap, there is signi�cantly different focus. In particular, the SCA Java programming
model places particular emphasis on designing component implementations using
asynchrony and loosely coupled contracts, as opposed to the mostly synchronous
interactions of Spring beans. 
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Summary
Service Component Architecture (SCA) is quickly emerging as a
foundation for building distributed systems with signi�cant industry
support. Although far-ranging in scope, SCA can be summarized by
four core bene�ts, as follows:

� A simpli�ed programming model for service development
� More ef�cient and �exible service reuse 
� Better management and control of distributed systems
� Simpli�ed policy con�guration and enforcement across

applications

Having covered how SCA �ts into modern application architec-
tures, including its relationship to web services and Java EE tech-
nologies, we begin a series of more detailed discussions of its core
concepts supplemented with practical examples. Our goal is to
provide solid grounding for making intelligent choices about
where, when, and how best to employ SCA when building enter-
prise systems.
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Assembling and 
Deploying a Composite

The previous chapter introduced the four core SCA concepts: serv-
ices, components, composites, and the domain. In this chapter, we
explore these in practice by providing a walkthrough of creating a
composite and deploying it to a domain. For those wanting to do
hands-on development, this chapter also covers using the open
source SCA runtime, Fabric3, to deploy and run the composite.

This chapter teaches you the basics of building an SCA application,
including the following:

� How to create components that offer services
� How to con�gure those components and wire them

together as part of a composite
� How to expose a service as a web service
� How to package and deploy the composite to a domain 

During this exercise, we touch on key SCA design principles and
introduce recommended development practices. Subsequent chap-
ters will build on the examples presented here, including designing
loosely coupled services, asynchronous communications, and con-
versational interactions. In these later chapters, we will also cover
how to integrate SCA with presentation- and data-tier frameworks.

41
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The LoanApplication Composite
Throughout the book, we use a �ctitious bank�BigBank Lending�
to construct an enterprise-class SCA application. The SCA applica-
tion we ultimately will build is designed to process loan
applications from customers submitted via a web front-end and by
independent mortgage brokers via a web service. The high-level
application architecture is illustrated in Figure 2.1. 
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Figure 2.1 The BigBank loan application architecture

The LoanApplication composite is the core of BigBank�s loan-
processing system. It is responsible for receiving loan applications
and coordinating with other services to process them. In this chap-
ter, we will start simply by focusing on two Java-based components
contained in the composite. LoanComponent receives and
processes loan application requests from remote clients using web
services. It in turn uses the CreditService interface implemented
by CreditComponent to perform a credit check on the applicant
(see Figure 2.2).
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Figure 2.2 The LoanApplication composite

The other components�web-front end, data-tier, and integration
with external systems�will be covered in later chapters.
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� Open Source SCA Implementations: Fabric3

Although SCA is an emerging technology, there are already several open source im-
plementations available. Two of the most well known are Fabric3 (http://www.
fabric3.org) and Apache Tuscany (http://tuscany.apache.org/). Throughout the book,
we use the Fabric3 SCA runtime for hands-on development. Because we (the au-
thors of this book) are involved in the development of Fabric3, you will notice a
strong af�nity between its capabilities and the topics covered in the book. In addi-
tion to support for a majority of the core SCA speci�cations, Fabric3 provides a
number of extensions for popular technologies, including Java Persistence
Architecture (JPA) and Hibernate. 
Fabric3�s design is similar to Eclipse in that it consists of a small core that can be ex-
tended through plug-ins. Bindings such as web services, JMS, and RMI are installed
as extensions into the Fabric3 core in much the same way that JSP and XML editing
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support are added to Eclipse. This gives users the �exibility of choosing just what
they need and avoids having to deal with the complexity associated with one-size-
�ts-all approaches. 
This design follows a general trend in software modularity popularized by Eclipse.
As development environments increased in complexity in the early 2000s, Eclipse
introduced an elegant plug-in mechanism based on OSGi that enabled users to con-
�gure their IDE with the speci�c tools they needed to develop their applications.
This greatly reduced software bloat and introduced a new level of �exibility for
users. This philosophy has now been extended to runtime architectures as well with
the introduction of Pro�les in Java EE. Ultimately, modularity bene�ts users by pro-
viding a much more streamlined development, deployment, and management
cycle.
Later in the chapter, we provide speci�c instructions for downloading and getting
started with Fabric3. If you want to get a head start, you can download the distribu-
tion from http://www.fabric3.org/downloads.html. Be sure to also check out the
project mailing lists�they are the best way of getting help should you encounter a
problem.

De�ning Service Interfaces 
Recalling from the previous chapter that components interact
through services, we start by de�ning the service interfaces for the
LoanComponent and CreditComponent components. Because
both components are implemented in Java, we use Java to de�ne
their service interfaces. The LoanService interface is shown in
Listing 2.1.

Listing 2.1 The LoanService Interface

@Remotable

public interface LoanService  {

LoanResult apply(LoanRequest request);

}
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The CreditService interface is presented in Listing 2.2.

WSDL serves as the
lingua franca for
code written in one
language to invoke
code written in
another language.

Listing 2.2 The CreditService Interface

@Remotable

public interface CreditService {

int checkCredit(String id);
}

LoanService de�nes one operation, apply(..), which takes a
loan application as a parameter. CreditService de�nes one oper-
ation, checkCredit(..), which takes a customer ID and returns a
numerical credit score. Both interfaces are marked with an SCA
annotation, @Remotable, which speci�es that both services may be
invoked by remote clients (as opposed to clients in the same
process). Other than the @Remotable annotations, the two service
contracts adhere to basic Java. 

Using Web Services Description Language (WSDL)
In the previous example, we chose Java to de�ne the service con-
tracts for LoanService and CreditService because it is easy to
develop in, particularly when an application is mostly implemented
in Java. There are other times, however, when it is more appropri-
ate to use a language-neutral mechanism for de�ning service con-
tracts. There are a number of interface de�nition languages, or
IDLs, for doing so, but Web Services Description Language (WSDL)
is the most accepted for writing new distributed applications.
Although labeled as a �web services� technology, WSDL is in fact
an XML-based way of describing any service�whether it is ex-
posed to clients as web services�that can be used by most modern
programming languages. To understand why WSDL would be used
with SCA, we brie�y touch on the role it plays in de�ning service
interfaces.

WSDL serves as the lingua franca for code written in one language
to invoke code written in another language. It does this by de�ning
a common way to represent operations (what can be invoked),
message types (the input and output to operations), and bindings to
a protocol or transport (how operations must be invoked). WSDL
uses other technologies such as XML Schema to de�ne message
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types and SOAP for how invocations are sent over a transport layer
(for example, HTTP). Programming languages de�ne mappings to
WSDL, making it possible for languages with little in common to
communicate, as represented in Figure 2.3.

Java Component C++ Component

Defines mapping
for operations and
data types

WSDL

Figure 2.3 WSDL is used to map operations and data types.

Writing WSDL by hand is generally not a pleasant experience; for
anything but trivial interfaces, it is a tedious process. Brie�y com-
pare the LoanService interface previously de�ned using Java to its
WSDL counterpart (see Listing 2.3).

Listing 2.3 The LoanService WSDL

<?xml version="1.0" encoding="utf-8"?>
<wsdl:de�nitionsxmlns:ns1="http://loanservice.loanapp/"
xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/"
xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/"
xmlns:xsd="http://www.w3.org/2001/XMLSchema"

name="LoanService" targetNamespace="http://loanser
�vice.loanapp/">

<wsdl:message name="applyResponse">
<wsdl:part element="ns1:applyResponse" name="parameters">
</wsdl:part>

</wsdl:message>
<wsdl:message name="apply">

<wsdl:part element="ns1:apply" name=
�"parameters">

</wsdl:part>
</wsdl:message>
<wsdl:portType name="LoanServicePortType">

<wsdl:operation name="apply">
<wsdl:input message="ns1:apply" name="apply">
</wsdl:input>
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Fortunately, SCA does not require WSDL to de�ne service inter-
faces. Why, then, would someone choose to use WSDL? One sce-
nario where WSDL is used is in top-down development. This style
of development entails starting by de�ning an overall system de-
sign, including subsystems and the services they offer, in a way that
is independent of the implementation technologies used. WSDL is a
natural �t for this approach as it de�nes service interfaces without
specifying how they are to be implemented. In this scenario, an
architect could de�ne all service interfaces upfront and provide
developers with the WSDLs to implement them.

Few development organizations follow this top-down approach.
Typically, service development is iterative. A more practical reason
for starting with WSDL is to guarantee interoperability. If a service is
created using language-speci�c means such as a Java interface,
even if it is translated into WSDL by tooling, it may not be compati-
ble with a client written in a different language. Using carefully
hand-crafted WSDL can reduce this risk.

A third reason to use hand-crafted WSDL is to better accommodate
service versioning. Services exposed to remote clients should be
designed for loose-coupling. An important characteristic of loose-
coupling is that those services should work in a world of
mismatched versions where a new version of a service will be
backward compatible with old clients. Because WSDL uses XML
Schema to de�ne operation parameters, maintaining backward
compatibility requires that the parameter-type schemas be designed
to handle versioning. This is dif�cult to do directly in schema but
even more dif�cult using Java classes. In cases where support for
versioning is paramount, working directly with WSDL may be the
least complex alternative.

One question people typically raise is if SCA does not mandate the
use of WSDL, how can it ensure that two components written in

SCA does not require
WSDL to de�ne
service interfaces.

De�ning service
contracts using
WSDL promotes
interoperability.

<wsdl:output message="ns1:applyResponse"
name="applyResponse">

</wsdl:output>
</wsdl:operation>

</wsdl:portType>
</wsdl:de�nitions>
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different languages are able to communicate? SCA solves this prob-
lem by requiring that all interfaces exposed to remote clients be
translatable into WSDL. For example, if a service interface is de-
�ned using Java, it must be written in such a way that it is possible
to represent it in WSDL. This enables a runtime to match a client
and service provider by mapping each side to WSDL behind the
scenes, saving developers the task of doing this manually.

Given that SCA services available to remote clients must be trans-
latable into WSDL, it is important to note that the latter imposes
several restrictions on interface de�nitions. WSDL stipulates that
service interfaces must not make use of operator overloading; in
other words, they must not have multiple operations with the same
name but different message types. WSDL also requires operation
parameters to be expressible using XML Schema. The latter restric-
tion is, in practice, not overly burdensome. Although it might disal-
low certain data types (for example, Java�s InputStream), virtually
all data types suitable for loosely coupled service interactions can
be accommodated by XML Schema. The next chapter will discuss
service contract design in detail; for now, it is important to remem-
ber these two constraints for services exposed to remote clients.

� Services Without WSDL?

Given SCA�s heavy reliance on services, it may be surprising that it does not have a
canonical interface language. The reasoning behind this decision centers on com-
plexity. Writing WSDL is notoriously dif�cult. Moreover, previous attempts at de�n-
ing cross-language IDLs such as CORBA suffered from similar issues. The SCA
authors wanted to avoid imposing unnecessary steps in a typical development
process. For example, when not doing top-down design, where service interfaces
are �rst de�ned in a language-neutral format, requiring WSDL is an unnecessary
burden, even when tooling can automate some of the process. 
When services and service clients are written in the same language, there is no need
for a language-neutral representation. In fact, the translation to WSDL can be
avoided in some situations where the client and provider are implemented in differ-
ent languages. For example, languages such as Groovy, BPELJ, and JPython can con-
sume Java interfaces, making WSDL mapping unnecessary. Because distributed
applications usually have many components written in the same language, transla-
tion into WSDL can usually be avoided.
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Remotable Versus Local Services
Returning to the LoanService and CreditService interfaces,
both are annotated with @Remotable, which indicates that a
service may, but need not be, accessed remotely. For contracts
de�ned using Java, SCA requires that any service exposed across a
process boundary be explicitly marked as remotable. Services not
marked as remotable�the default case�are local services: They
are callable only from clients hosted in the same process. In con-
trast, service interfaces de�ned by WSDL are remotable by default.
This makes sense given that most contracts de�ned by WSDL are
likely to be intended for remote access. 

Requiring service contracts to be explicitly marked as remotable
indicates which services are designed to be accessible across
process boundaries. The distinction is necessary because local and
remotable services have different behavior. The next chapter covers
these differences at length, which we brie�y describe here.

Remotable Services Must Account for Network Latency
Clients of remotable services must accommodate network latency.
This means that remotable services should be coarse-grained�that
is, they should contain few operations that are passed larger data
sets, as opposed to a number of individual operations that take a
small number of parameters. This reduces the degree of network
traf�c and latency experienced by clients. In addition, remotable
services often de�ne asynchronous operations as a way to handle
network latency and service interruptions. Local services are not
subject to these demands as calls occur in the same process.
Therefore, they tend to be �ner-grained and use synchronous 
operations.

For contracts de-
�ned using Java,
SCA requires that
any service ex-
posed across a
process boundary
be explicitly
marked as
remotable.

Remotable services
should be coarse-
grained.

There are cases where a WSDL-�rst, top-down design should be used. Sometimes
the component implementation technology is not known at the time a system archi-
tecture is being designed, or the technology is known but there is a desire to hide it.
In those situations, de�ning interfaces directly in WSDL is appropriate. However, it
is a conscious design decision on the part of the SCA authors that a technology
should be used only when needed. In the case of WSDL, it is a pragmatic �opt-in�
approach to complexity.
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Clients of Remotable Services May Experience 
Communications Failures
Because invocations on remotable services generally travel over a
network, there is a possibility communications may be interrupted.
In SCA, the unchecked org.osoa.sca.ServiceUnavailable
Exception exception will be thrown if a communication error
occurs. Clients need to handle such exceptions, potentially by
retrying or reporting an error.

Remotable Services Parameters Are Passed by Value
Parameters associated with remotable service operations behave
differently than those of operations on local services. When
remotable invocations are made, parameters are marshaled to a
protocol format such as XML and passed over a network connec-
tion. This results in a copy of the parameters being made as the
invocation is received by the service provider. Consequently, modi-
�cations made by the service provider will not be seen by the
client. This behavior is termed �pass-by-value.� In contrast, because
invocations on local services are made in the same process, opera-
tion parameters are not copied. Any changes made by the service
provider will be visible to the client. This behavior is known as
�pass-by-reference.� Marking a service as remotable signals to
clients whether pass-by-value or pass-by-reference semantics will
be in effect. 

Table 2.1 summarizes the differences between remotable and local
services.

Table 2.1 Remotable Versus Local Services

Remotable Services Local Services

Are invoked in-process Are always invoked in-process.
and remotely.

Parameters are pass-by-value. Parameters are pass-by-reference.

Are coarse-grained. Tend to be �ne-grained.

Are loosely coupled and favor Commonly use synchronous 
asynchronous operations. operations.

Parameters associ-
ated with remotable
service operations
behave differently
than those of opera-
tions on local serv-
ices.
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� Local Services and Distributed Systems

It may seem odd that a technology designed for building distributed applications
speci�es local service contracts as the default when de�ned in Java. This was a con-
scious decision on the part of the SCA authors. Echoing Jim Waldo�s seminal essay,
�The Fallacies of Distributed Computing,� location transparency is a fallacy: Crossing
remote boundaries requires careful architectural consideration that has a direct im-
pact on application code. Issues such as network latency, service availability, and
loose coupling need to be accounted for in component implementations. This was
one of the lessons learned with EJB: Many early Java EE applications suffered from
crippling performance bottlenecks associated with making too many remote calls.
To minimize remote calls, distributed applications have a relatively small number of
services exposed to remote clients. Each of these services should in turn have a few
coarse-grained operations that perform a signi�cant task, such as processing a loan
application or performing an inventory check. Moreover, these services should be
carefully constructed so that new versions can be deployed without breaking exist-
ing clients. Limiting the number of remotable services and operations helps avoid
performance issues and facilitates versioning by restricting change to a few areas in
an application.
Given the lessons learned from previous distributed system technologies, the de-
signers of SCA were faced with a dilemma: how to support applications built using
coarse-grained services that did not repeat the problems of the past. The answer
was, ironically, to provide good support for �ne-grained, local services. If the only
way to get the bene�ts of SCA such as programming model simplicity were to use
remotable services, developers would be pushed into making all code remotable,
even if it should not be. By providing a model for local services, remote boundaries
can be chosen carefully, exposing only those parts of an application that should be
accessible to clients hosted in different processes.

Creating Component Implementations
Well-designed service-based architectures typically have a limited
number of coarse-grained services that coordinate other services to
perform speci�c tasks. The heart of the LoanApplication compos-
ite is LoanComponent, which is responsible for receiving loan ap-
plication data through its LoanService interface and delegating to
other services for processing. The implementation is a basic Java
class that takes a reference proxy to a CreditService interface as

Well-designed
service-based archi-
tectures typically
have a limited num-
ber of coarse-grained
services that coordi-
nate other services to
perform speci�c
tasks.
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part of its constructor signature. The LoanComponent component
uses the service to provide a credit score for the applicant. When
reviewing the implementation, take note of the @Reference anno-
tation in the constructor (see Listing 2.4).

Listing 2.4 The LoanComponent Implementation

public class LoanComponent  implements LoanService {
private CreditService service;

public void LoanComponent   (@Reference CreditService service){
this.service = service;

}

public LoanResult apply(LoanRequest request) {
// ....

}

public int checkStatus(String applicationID){
// ....

}
}

In Listing 2.4, the @Reference annotation instructs the SCA runtime
that LoanComponent requires a reference to CreditService. An
implementation of CreditService is provided by
CreditComponent, shown in Listing 2.5.

Listing 2.5 The CreditComponent Implementation

public class CreditComponent implements CreditService {

public int checkCredit(String id){
// ....

}
}

Although the code has been simpli�ed from what would be typi-
cally encountered in a real-world scenario, the implementation�
like LoanComponent�is straight Java. Even though both
components may be hosted on different machines, the only thing
required to facilitate remote communication is the presence of
@Remotable on the CreditService interface.
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SCA leaves the heavy lifting associated with establishing remote
communications to the runtime, as opposed to application code
and API calls. As we saw in the introductory chapter, SCA does this
through wires. Conceptually, a wire is a connection provided by
the runtime to another service. A wire is speci�ed�in this case, the
wire between LoanComponent and CreditComponent�in the
composite �le, which we show in the next section. For now, we
will assume a wire has been speci�ed and describe how an SCA
runtime goes about connecting LoanComponent to the
CreditService interface of CreditComponent.

In Java, the runtime provides a wire by doing one of the following:
calling a setter method annotated with @Reference and passing in
a reference to the service; setting a �eld marked with @Reference;
or passing a reference to the service as a constructor parameter
annotated with @Reference, as in the example given previously in
Figure 2.3.

In actuality, when the SCA runtime injects the CreditService, it is
likely not a �direct� reference to CreditComponent but instead a
generated �proxy� that implements the CreditService interface
(see Figure 2.4).

The proxy is responsible for taking an invocation and �owing it to
the target service, whether it is co-located or hosted in a remote
JVM. From the perspective of LoanComponent, however,
CreditService behaves as a typical Java reference. 

SCA leaves the
heavy lifting associ-
ated with establish-
ing remote
communications to
the runtime, as
opposed to applica-
tion code and API
calls.

� A Note on OASIS and OSOA Java APIs and Annotations

As mentioned previously, prior to moving to OASIS, SCA was part of the Open SOA
(OSOA) collaboration effort. While at OSOA, the Java APIs and annotations used
throughout this book are published under the org.osoa.sca package. As part of the
move to OASIS, the Java APIs and annotations will also be published under the org.
oasisopen.sca package. We have decided to continue to use the OSOA package ver-
sion because, at the time of this writing, the OSOA annotations are more prevalent.
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Figure 2.4 Reference proxy injection 

An important characteristic of wires is that their details are hidden
from the client implementation. In our example, LoanComponent
does not have knowledge of the wire communication protocol or the
address of CreditService. This approach will be familiar to Spring
developers. SCA is based on Inversion of Control (IoC), also known
as dependency injection, popularized by the Spring framework.
Instead of requiring a component to �nd its dependent services
through a service locator API and invoke them using transport-
speci�c APIs, the runtime provides service references when an 
instance is created. In this case, CreditService is injected as a
constructor parameter when LoanComponent is instantiated.

There are a number of advantages to IoC. Because the endpoint ad-
dress of CreditService is not present in application code, it is pos-
sible for a system administrator or runtime to make the decision at
deployment whether to co-locate the components (possibly for per-
formance reasons) or host them in separate processes. Further, it is
possible to �rewire� LoanComponent to another implementation of
CreditService without having to change the LoanComponent code
itself. And, because the client does not make use of any protocol-
speci�c APIs, the actual selection of a communication protocol can
be deferred until deployment or changed at a later time.

Injection Styles
In the current version of LoanComponent, we elected to de�ne the
reference to CreditService as a constructor parameter. This is
commonly referred to as constructor-based injection. Some devel-
opers prefer to inject dependencies through setter methods or 

SCA is based on
Inversion of Control
(IoC), also known
as dependency
injection.

Loan Component

Runtime injects a proxy
that implements the
CreditService interface.

Wire

Code invokes
the proxy.
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directly on �elds. The SCA Java programming model accommo-
dates these alternative approaches as well by supporting injecting
references on methods and �elds. We will take a closer look at
each injection style in turn.

Constructor-Based Injection 
Constructor-based injection has the advantage of making depend-
encies explicit at compile time. In our example, LoanComponent
cannot be instantiated without CreditService. This is particularly
useful for testing, where component implementations are instanti-
ated directly in test cases. Constructor-based injection also enables
�elds to be marked as �nal so that they cannot be inadvertently
changed later on. When other forms of injection are used, �nal
�elds can�t be used. The primary drawback of constructor-based
injection is that the constructor parameter list can become
unwieldy for components that depend on a number of services. 

In some cases, component implementations may have more than
one constructor. The SCA Java programming model de�nes a rule
for selecting the appropriate constructor in cases where there is
more than one. If one constructor has parameters marked with
@Reference or @Property, it will be used. Otherwise, a developer
can explicitly mark a constructor with the SCA @Constructor
annotation, as shown in Listing 2.6.

Constructor-based
injection has the
advantage of mak-
ing dependencies
explicit at compile
time.

The primary draw-
back of constructor-
based injection is
that the constructor
parameter list can
become unwieldy
for components that
depend on a num-
ber of services.

SCA supports method-
based reference injec-
tion as an alternative
to constructor-based
injection.

Listing 2.6 The @Constructor Annotation

@Constructor
public CreditComponent  (double min, double max) {

// �
}

Setter-Based Injection 
SCA supports method-based reference injection as an alternative to
constructor-based injection. For example, LoanComponent could
have been written as shown in Listing 2.7.

Listing 2.7 Setter-Based Injection 

public class LoanComponent{

public LoanComponent () {}
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When LoanComponent is instantiated, the SCA runtime will invoke
the setCreditService method, passing a reference proxy to
CreditService. An important restriction SCA places on this style
of injection is that setter methods must be either public or
protected; private setter methods are not allowed because it vio-
lates the object-oriented principle of encapsulation. (That is, private
methods and �elds should not be visible outside a class.)

The main bene�t of setter-based injection is that it allows for rein-
jection of wires dynamically at runtime. We cover wire reinjection
in Chapter 7, �Wires.�

There are two major downsides to setter injection. Component
dependencies are dispersed across a number of setter methods,
making them less obvious and increasing the verbosity of the code
because a method needs to be created for every reference. In addi-
tion, setter methods make references that potentially should be
immutable subject to change, because the �elds they are assigned
to cannot be declared �nal.

The main bene�t of
setter-based injec-
tion is that it allows
for reinjection of
wires dynamically
at runtime.

� Setter Injection Best Practices

There are a couple of best practices to keep in mind when using setter-based injec-
tion. First, setter methods should not be part of the service interface because 
they are implementation details. For example, LoanService does not de�ne 
the method setCreditService(CreditService creditService)�the fact that
LoanComponent uses CreditService is an implementation detail clients should
not be aware of.
Second, avoid making setter methods protected, even though SCA allows this.
Doing so makes unit testing dif�cult because unit tests would need to either subclass
the component implementation to override the setters and make them public or use
re�ection to set them directly. If setter methods are not part of a service contract,
there is no risk a client will inadvertently invoke them if they are made public.

@Reference
public setCreditService(CreditService creditService) {

// �
}

}
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Field-Based Injection 
The �nal form of injection supported by SCA is �eld-based. This
style enables �elds to be directly injected with reference proxies
(see Listing 2.8).

A major advantage
of �eld-based injec-
tion is that it is
concise.

The main disadvan-
tage of �eld-based
injection is it is
dif�cult to unit test.

� Perspective: What�s the Best Injection Style?

Several years ago, setter- versus constructor-based injection was an area of con-
tention among advocates of various Java-based IoC frameworks, notably Spring and
PicoContainer. Most modern IoC frameworks now support both approaches, as does
SCA.
In the process of writing this book, we debated between ourselves about the best in-
jection style. Jim favors constructor injection because it makes service dependencies
explicit. Mike prefers �eld-based injection because it limits verbosity. In the end,
like the debates among the various IoC frameworks a few years back, we went

Listing 2.8 Field-Based Injection 

public class LoanComponent   {

@Reference
protected CreditService CreditService;

//....
}

Field-injection follows the basic pattern set by method-injection
except that they may be private and public or protected. In the
absence of a name attribute declared on @Reference, the �eld
name is used as the name of the reference. Again, the preceding
example would be con�gured using the same composite syntax as
the previous examples.

A major advantage of �eld-based injection is that it is concise.
(Methods do not need to be created for each reference.) It also
avoids long constructor parameter lists. The main disadvantage of
�eld-based injection is it is dif�cult to unit test; component classes
must either be subclassed to expose reference �elds or those �elds
must be set through Java re�ection. 
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De�ning Properties
Consider the case where we want to add the capability to set con-
�guration parameters on the CreditComponent component, such
as minimum and maximum scores. SCA supports con�guration
through component properties, which in Java are speci�ed using
the @Property annotation. CreditComponent is modi�ed to take
maximum and minimum scores in Listing 2.9.

around in circles and were unable to convince one another. This led us to agree on
an important point: Choosing an injection style is largely a matter of personal prefer-
ence. Pick the one that best suits the project requirements or the one project devel-
opers are used to and stay consistent. 
That said, there is one important difference between �eld and setter versus construc-
tor injection in SCA. Namely, �eld and setter injection can be dynamic. As we will
cover in Chapter 7, �eld- and setter-based references may be reinjected if a refer-
ence changes after a component has been instantiated. In contrast, constructor-
based references cannot be changed. If a reference may change, you need to use
�eld- or setter-based injection. On the other hand, if a reference must be immutable,
use constructor injection. 

Listing 2.9 De�ning Component Properties

public void CreditComponent implements CreditService {

private int min;
private int max;

public CreditComponent (@Property(name="min") int min,
@Property(name="max") int max) {

this.min = min;
this.max = max;

}
// ....

}

Like a reference, a property name is speci�ed using the �name�
attribute, whereas the �required� attribute determines whether a
property value must be provided in the composite �le (that is, when
it is set to true) or it is optional (that is, it is set to false, the default).
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In addition, properties follow the same injection guidelines as refer-
ences: constructor-, method-, and �eld-based injection are sup-
ported.

Given that most IoC frameworks do not distinguish between proper-
ties and references, why does SCA? The short answer is they are
different. References provide access to services, whereas properties
provide con�guration data. Differentiating properties and references
makes it clear to someone con�guring a component whether a
property value needs to be supplied or a reference wired to a
service. Further, as we will see in later chapters, references may
have various qualities of service applied to them, such as reliability,
transactions, and security. The bene�ts of distinguishing properties
and references also extends to tooling: Knowing if a particular value
is a property or reference makes for better validation and visual
feedback, such as displaying speci�c icons in graphical tooling.

Assembling the LoanApplication Composite
Listing 2.10 provides a complete version of the LoanApplication
composite we �rst introduced in the last chapter. Let�s examine it in
the context of the LoanComponent and CreditComponent imple-
mentations we have just discussed.

References provide
access to services,
whereas properties
provide con�gura-
tion data.

Listing 2.10 The LoanApplication Composite

<composite xmlns=http://www.osoa.org/xmlns/sca/1.0

targetNamespace="
http://www.bigbank.com/xmlns/loanApplication/1.0"

name="LoanApplication">

<component name ="LoanComponent">
<implementation.java class="com.acme.LoanComponent  "/>
<property name="currency">USD</property>
<reference name="creditService" target="CreditComponent "/>

<component>

<component name = "CreditComponent">
<implementation.java class="com.acme.CreditComponent "/>

<component>
</composite>
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Composites include targetNamespace and name attributes, which
together form their quali�ed name, or QName. The QName of the
LoanApplication composite is http://www.bigbank.com/xmlns/
loanApplication/1.0:LoanApplication. QNames are similar to the
combination of package and class name in Java: They serve to
uniquely identify an XML artifact�in this case, a composite. The
targetNamespace portion of the QName can be used for version-
ing. In the example, the targetNamespace ends with 1.0, indicat-
ing the composite version. The version should be changed any time
a nonbackward-compatible change is made to the de�nition (and
should not be changed otherwise). 

Continuing with the composite listing in Listing 2.10,
LoanComponent and CreditComponent are de�ned by the 
<component> element. Both component de�nitions contain an
entry, <implementation.java>, which identi�es the Java class for
the respective component implementations. If the components
were implemented in BPEL, the <implementation.bpel> element
would have been used, as follows:

Composites include
targetNamespace
and name attributes,
which together
form their quali�ed
name, or QName.

<implementation.bpel process="bb:LoanApplicationProcess">

The <reference> element in the LoanComponent de�nition con-
�gures the reference to CreditService, as follows: 

<reference name="creditService" target="CreditService"/>

Recalling that the LoanComponent implementation declares a refer-
ence requiring a CreditService in its constructor, we get the 
following:

public LoanComponent  (@Reference (name="CreditService") CreditService
�creditService) {
// �
}

The <reference> element con�gures the creditService refer-
ence by wiring it to the CreditService provided by
CreditComponent. When an instance of LoanComponent is cre-
ated by the SCA runtime, it will pass a proxy to CreditService as
part of the constructor invocation.

Properties are con�gured in a composite �le using the <property>
element. In the LoanApplication composite, CreditComponent
is con�gured with min and max values (see Listing 2.11).
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Listing 2.11  Con�guring Property Values

<component name="CreditComponent">
<implementation.java class=".."/>
<property name="min">300</property>
<property name="max">850</property>

</component>

The property values will be injected into the component by the
runtime when a component instance is created.

It is important to note the naming convention used for con�guring
references and properties de�ned on setter methods. In the absence
of an explicit name attribute on @Reference or @Property anno-
tation, the name of the reference is inferred from the method name
according to JavaBean semantics. In other words, for method
names of the form �setXXXX,� the set pre�x is dropped and the
initial letter of the remaining part is made lowercase. Otherwise,
the value speci�ed in the name attribute is used. 

An interesting characteristic of reference and property con�guration
in a composite is that the format remains the same, regardless of the
style of injection used in the implementation. For example, the
following component entry 

<component name="LoanComponent">
<implementation.java class=".."/>
<reference name="creditScoreService" target="CreditComponent "/>

</component>

con�gures a reference speci�ed on a constructor parameter,
public LoanComponent  (@Reference(name="creditScoreService" 
�CreditService CreditService) {

// �
}
or a setter method,
@Reference

public void setCreditScoreService(CreditService creditScoreService){

//�
}

or a �eld:

@Reference

protected CreditService creditScoreService;
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Binding a Web Service Endpoint 
The LoanApplication composite would be more useful if its serv-
ices were made accessible to clients that are outside the SCA do-
main�for example, to independent mortgage broker systems. In
SCA, services are exposed to external clients over a binding.
Bindings are used to specify the communication protocol over
which a service is available, such as web services, RMI, or plain
XML over HTTP (without the SOAP envelope). A service may be
exposed over more than one binding, providing multiple ways for
external clients to invoke it. For example, the LoanService could
be bound to web services and a proprietary EDI protocol (see
Figure 2.5).

Bindings are used
to specify the com-
munication proto-
col a service is
available over, such
as web services,
RMI, or plain XML
over HTTP.

Bindings can be
added or removed
in runtimes that
support dynamic
updates.

Web Services
Binding

Proprietary EDI
Binding

Runtime binds the 
Loan Service to Web
Services and an EDI
transport.

Loan Service

Figure 2.5 Binding the LoanService

Moreover, bindings can be added or removed in runtimes that sup-
port dynamic updates. For example, after clients have transitioned
to using web services, the EDI binding for the LoanService inter-
face could be deprecated and eventually phased out. Alternatively,
a high-speed binary binding could be added for clients requiring
improved performance (such as a binding based on the new W3C
Ef�cient XML for Interchange format, EXI).

Service bindings are speci�ed in the composite �le using a combi-
nation of service and binding elements. Listing 2.12 binds the
LoanService interface to web services.
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When LoanComponent is activated in the domain, the SCA infra-
structure is responsible for making LoanService available as a
web service. 

The exact mechanics of how this binding is achieved are runtime-
dependent. However, all SCA implementations must perform the
following steps (which will generally be transparent to the person
deploying a composite). First, if no WSDL is speci�ed, the runtime
will need to generate it based on the LoanService Java interface.
This will entail creating a WSDL document similar to the one listed
at the beginning of the chapter, but also including WSDL binding
and WSDL service elements. (The algorithm for generating the
WSDL is standardized by SCA.) After the WSDL is generated, the
runtime will need to make the service and WSDL available to
clients as a web service at the endpoint address listed in the WSDL.
Depending on the runtime, this may involve deploying or dynami-
cally con�guring middleware such as creating a HTTP listener for
the service on a particular machine. Fortunately, SCA hides the
complexities of this process, so people deploying composites need
not worry about how this is actually done.

Packaging the LoanApplication Composite
SCA speci�es one interoperable packaging format for composite
�les and associated artifacts such as Java classes, XSDs, and
WSDLs: the ZIP archive. However, to accommodate the diverse
range of packaging formats used by various programming
languages, SCA allows runtimes to support other formats in addi-
tion to the ZIP archive. A C++ runtime may accept DLLs; a runtime
may also support various specializations of the ZIP format. Fabric3
also supports JARs and Web Archives (WARs).

SCA ZIP archives include a metadata �le, sca-contribution.xml, in
the META-INF directory. The sca-contribution.xml �le provides
SCA-speci�c information about the contents of the archive, most
notably the composites available for deployment. In general, one

SCA speci�es one
interoperable pack-
aging format for
composite �les and
associated artifacts
such as Java classes,
XSDs, and WSDLs:
the ZIP archive.

Listing 2.12 Binding the LoanService Interface as a Web Service Endpoint

<service name="LoanService">
<binding.ws>

</service>

The sca-contribution.
xml �le provides SCA-
speci�c information
about the contents of
the archive.
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deployable composite will be packaged in an archive, although in
some cases (which we discuss in later chapters), no deployable
composites or multiple deployable composites may be present.

The name sca-contribution.xml derives from SCA terminology: A
contribution is an application artifact that is �contributed� or made
available to a domain. A contribution can be a complete composite
and all the artifacts necessary to execute it, or it might just contain
artifacts to be used by composites from other contributions, such 
as a library, XSDs, or WSDLs. LoanApplication is packaged as 
a complete composite. Its sca-contribution.xml is shown in 
Listing 2.13.

A contribution is an
application artifact
that is �contributed�
or made available 
to a domain.

SCA does not spec-
ify a location for
composite �les;
they can be in-
cluded in any
archive directory.

Listing 2.13 A Contribution Manifest

<contribution xmlns=http://www.osoa.org/xmlns/sca/1.0

xmlns:bb="http://www.bigbank.com/xmlns/lending/composites/1.0">

<deployable composite="bb:LoanApplication"/>

</contribution>

The <deployable> element identi�es a composite available for
deployment contained in the archive. In this case, it points to the
name of the LoanApplication composite, as de�ned in the 
<composite> element of its .composite �le:

<composite  xmlns="http://www.osoa.org/xmlns/sca/1.0"

targetNamespace="http://www.bigbank.com/xmlns/lending/composites/1.0"
name="LoanApplication"�>

Unlike sca-contribution.xml, SCA does not specify a location for
composite �les; they can be included in any archive directory.
However, as a best practice, it is recommended that deployable
composite �les be placed alongside sca-contribution.xml in the
META-INF directory so they can be easily found. 
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Deploying the LoanApplication Composite
Composites can be deployed to a domain using a variety of mecha-
nisms. In a test environment, deployment may involve placing the
contribution archive in a �le system directory. In production envi-
ronments, where tighter controls are required, deployment would
typically be performed through a command-line tool or script.

Conceptually, deployment involves contributing a composite to a
domain and activating its components, as depicted in Figure 2.6.

Archive is contributed 
to a domain and the 
composite is activated.

WSDLSCDL

Contribution Archive

Loan Component Credit Component

SCA Runtime SCA Runtime

SCA Domain

Figure 2.6 Deploying and activating the LoanApplication composite

When the LoanApplication composite is deployed, the SCA run-
time instantiates LoanComponent and CreditComponent. During
this process, because LoanService is con�gured with the web
services binding, it is exposed as a web service endpoint. When the
LoanApplication composite is activated in the domain, its com-
ponents are available to process client requests.

Using Fabric3 
Having completed the walkthrough of assembling and packaging
the LoanApplication composite, we put this knowledge to prac-
tice by deploying a sample application to the Fabric3 SCA runtime. 
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Fabric3 is a full-featured, open source SCA implementation. It has a
highly modular design with precon�gured distributions for a num-
ber of environments. For example, Fabric3 has distributions that
can be embedded in a servlet container, such as Tomcat or Jetty,
and speci�c Java EE application servers, including JBoss, WebLogic,
and WebSphere. 

Fabric3 has a modular architecture similar to Eclipse. The core
distributions implement basic SCA functionality, whereas additional
features are added through extensions. This allows Fabric3 to re-
main lightweight and allows users to include only the features re-
quired by their applications. For example, support for bindings
such as web services is added as extensions to the core. 

To get started with deploying the loan application, you will need to
set up Fabric3 and your development environment. We assume that
you have JDK 5.0 installed on your machine. To con�gure your
machine, perform the steps outlined in the following sections. 

Download Fabric3 LoanApplication Sample
Fabric3 provides a LoanApplication sample that we use in this
hands-on exercise. The sample is a full-�edged version of the loan-
processing system covered in this chapter and includes integration
with JPA and a web application front-end. It can be downloaded
from the same place the Fabric3 distribution is located:
http://www.fabric3.org/downloads.html.

The sample contains a utility for downloading the Fabric3 runtime
and extensions. Follow the instructions to run the utility and install
the runtime.

Verify the Installation
To verify that the server has been successfully installed, go to the
bin directory where it has been installed and execute java �jar
server.jar. This will start the server.

Build and Deploy the Application
We are now ready to build and deploy the application. First, follow
the instructions for building the sample application. After this is
done, start the Fabric3 server by issuing the following command
from the bin directory where it is installed:

java �jar server.jar 

Fabric3 has a mod-
ular architecture
similar to Eclipse.
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When the server starts, it activates an SCA domain that is contained
in a single process. In a distributed environment, multiple Fabric3
servers participate in a single domain that spans processes.

After the server has booted, copy the loan application JAR that was
built in the previous step from the target directory to the deploy
directory of the Fabric3 server installation. The server will then
deploy the application to the domain.

Invoking the LoanApplication Service 
After the application has been deployed, we can invoke the
LoanService interface. The sample application contains a JAX-WS
client that can be used to test-drive the service. Follow the instruc-
tions for launching the test-client from the command line.

This completes the hands-on walkthrough of building and deploy-
ing an SCA application with Fabric3. At this point, it is worth
spending some time familiarizing yourself with the application
code. As you will see, most of the tedious tasks of generating
WSDLs and exposing web services are handled transparently by the
runtime. In the following chapters, we expand the loan application
by introducing additional SCA features and capabilities. However,
the basic structure and simplicity of the code will remain the same.

Summary
We have covered signi�cant ground in this chapter, providing a
detailed discussion of key SCA concepts and design principles.
Speci�cally, we have accomplished the following:

� De�ned service contracts
� Written component implementations using the SCA Java

programming model
� Con�gured components as part of a composite
� Exposed an SCA service using web services
� Deployed a composite to an SCA runtime

With this foundation in place, we turn our attention in the next
chapter to designing and building loosely coupled services using
Java.
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Service-Based
Development Using Java

SCA is designed to support applications assembled from services
written in multiple programming languages. This chapter provides
the background and understanding necessary to implement services
in arguably the most important of those languages for enterprise
development: Java. 

SCA includes a full-featured programming model for implementing
services in Java. The primary goal of this programming model is to
provide the capabilities necessary in Java to build loosely coupled
services. Moreover, it attempts to do so in a way that is simpler to
use than existing Java-based alternatives, including EJB and Spring.

This chapter focuses on the basics of loosely coupled services, in-
cluding service contract design, asynchronous communications, and
component life cycle. Speci�cally, this chapter covers the following:

� Designing service contracts
� Implementing asynchronous interactions and callback pat-

terns
� Managing component life cycle, state, and concurrency 

After completing this chapter, you will have a solid grounding in
implementing Java-based services and an understanding of best
practices to apply when designing those services. 69

SCA includes a full-
featured program-
ming model for
implementing
services in Java.
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One of the key
lessons learned
from distributed
objects is that ap-
plications must be
carefully designed
not to introduce
bottlenecks by
making too many
remote calls or by
placing unneces-
sary requirements
on them such as
transactionality.

Service-Based Development
As we discussed in the �rst chapter, a key goal of SCA is reuse:
Application functionality and code that can be shared by multiple
clients is more valuable than functionality and code that cannot. 

This goal is far from novel. Many technologies claim to promote
code reuse. Arguably, the most successful technologies in this re-
spect have been object-oriented languages, which did much to pro-
mote intra-process reuse, or calls between code hosted in the same
process. By organizing code into classes and interfaces, object-
oriented languages allowed complex applications to be assembled
from smaller, reusable units that are easier to maintain and evolve.

Yet code would be even more valuable if reuse were not limited to
a process or application. In other words, if clients could connect
remotely with existing or separately deployed code, the code would
be even more valuable. In the 1990s and early 2000s, DCE,
CORBA, DCOM, and Java EE attempted to replicate the success of
object-oriented technology in distributed applications by applying
many of the same principles to remote communications. In particu-
lar, these technologies were built around the concept of �distributed
objects�: units of code that could be invoked remotely to perform a
task. The goal of these frameworks was to enable objects to be in-
voked across process boundaries similar to the way that object-
oriented enabled objects could be invoked locally. 

Unfortunately, practical experience highlighted a number of prob-
lems with this approach. The most important of these was that local
and remote invocations are different and those differences cannot
be managed away by middleware. Remote communication intro-
duces latency that affects application performance. This is com-
pounded when additional qualities of service are required, such as
transactions and security. One of the key lessons learned from dis-
tributed objects is that applications must be carefully designed not
to introduce bottlenecks by making too many remote calls or by
placing unnecessary requirements on them, such as transactionality.

SCA rejects the notion that object-oriented principles are to be em-
ployed at all levels of application design. A core tenet of SCA is that
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development of remote services is unique. For remote communica-
tions, developers rely on the techniques of loose coupling that we
describe in this chapter. 

Most applications, however, cannot be restricted to remote invoca-
tions. In order to achieve scalability, performance, and avoid un-
necessary complexity, application code will need to make many
more local calls than remote ones. In these cases, SCA stipulates
that developers apply principles of good object-oriented design. In
addition to loosely coupled remote services, we also detail the
facilities provided by the SCA Java programming model for creating
services intended for use in a single process, which follow tradi-
tional object-oriented patterns. 

Protocol Abstraction and Location Transparency
Protocol abstraction and location transparency are commonly con-
fused. Understanding the distinction between the two is fundamen-
tal to understanding the SCA programming model. SCA simpli�es
development by handling the intricacies of remote communica-
tions. What it doesn�t do is oversimplify the nature of those com-
munications and the impact they have on application code.

Protocol abstraction involves separating the speci�cs of how re-
mote invocations are performed from application code by requiring
the hosting container to manage communications. For example, the
following service invocation could be made using web services or
an alternative protocol such as RMI�the host container handles
the speci�cs of �owing calls while the code remains unchanged
(see Listing 3.1).

Protocol abstraction
involves separating
the speci�cs of how
remote invocations
are performed from
application code by
requiring the hosting
container to manage
communications.

Listing 3.1 Invoking a Remote Service

public class LoanComponent implements LoanService {
// �.
public LoanResult apply(LoanRequest request) {
//� process the request and invoke the credit service 
CustomerInfo info = request.getCustomerInfo();
CreditService.checkCredit(info);
//.. continue processing
}
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In contrast, location transparency allows code to treat local and
remote invocations as if they were the same. Protocol abstraction
does not mean that client code can be written in the same way
irrespective of whether it is making a local or remote call. Consider
the example in Figure 3.1 again where the LoanComponent invokes
the remote CreditService. Because the invocation is remote, the
client�in this case, the LoanComponent�will need to account for
a number of additional factors. Perhaps the most important is net-
work latency, which may result in the call not completing immedi-
ately. Second, network interruptions may result in the
CreditService being temporarily unavailable. In these cases,
the SCA runtime may throw an unchecked org.osoa.sca.
ServiceUnavailableException, and the client must decide
whether to retry, ignore the exception and let it propagate up the
call stack, or perform some other action. In the example, the client
allows the exception to propagate (it�s unchecked, so it does not
need to be declared in a throws clause) and be handled by its
caller. If the operation had required a degree of reliability, the
LoanComponent could have caught the exception and attempted to
retry the call.

So, protocol abstraction does not imply location transparency. It�s
also important to note that the converse is also true: Location trans-
parency does not imply protocol abstraction. Programming models
that provide location transparency do not necessarily allow com-
munications protocols to be changed. CORBA and DCOM serve as
good examples. Both attempt to treat remote and in-process com-
munications in the same manner but support only a single remote
protocol. CORBA remains tied to the IIOP protocol. Similarly,
DCOM is dependent on its own proprietary binary protocol. 

Location trans-
parency allows
code to treat local
and remote invoca-
tions as if they were
the same.

Protocol abstraction
does not imply
location
transparency.

Perspective: EJB and the Myth of Location Transparency
Contrary to conventional wisdom, Enterprise Java Beans (EJB) did not make the mis-
take of assuming location transparency. In fact, it has long been known that remote
objects must be treated differently from local objects. RMI speci�cally addressed the
fallacy that networks are always up by requiring that remotable methods throw
java.rmi.RemoteException. RemoteException was also de�ned to be a
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checked exception, requiring clients to handle the exception or rethrow it. In this
way, developers were forced to think about the fact that a remote operation is being
called. Java EE took this a step further by integrating transaction management,
thereby providing more assistance in recovering from the failures that are inherent
in distributed systems. 

Unfortunately, one fallacy that early versions of EJB did not address was the myth
that the performance overhead of remote calls is negligible. The result was that de-
velopers found themselves creating remote EJBs with �ne-grained interfaces.
Applications developed in this manner had so many calls through remotable inter-
faces that performance was degraded. Performance even suffered in cases where the
invoked EJB was co-located with its client, because the EJB speci�cation required
invocation parameters to be copied in order to simulate remoteness.

EJB also had a complexity penalty. Because remote operations were required to
throw RemoteException, developers were forced to deal with handling these ex-
ceptions even when, in practice, the called object would never be remote. EJB was
later revised to include local session beans, which introduced the ability to perform
in-process invocations. This concession, however, proved to be insuf�cient, as EJB
never achieved the widespread adoption it was expected to garner.

Having established that the SCA programming model is based on
the goal of protocol abstraction rather than location transparency,
let�s look more closely at what is involved in building remotable
services.

Designing Remotable Services
In SCA, remotable services are made available to multiple clients
across process boundaries. These clients may be components in the
same domain or, if the service is exposed over a binding, another
system altogether. 

Although the speci�c qualities of well-architected SCA applications
will vary, a common indicator of good design is that an application
will have only a few remotable services that expose a set of general
operations. Examples of general operations include �apply for
loan,� �get credit rating,� �inventory check,� and �place back-
order.� Think of remotable services as an API. As with a good API,

The SCA program-
ming model is
based on the goal
of protocol abstrac-
tion rather than
location
transparency.
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remotable services should be concise, easy to understand, and
limited. Moreover, they should have the following attributes:

� Remotable services account for the network�Remotable
services should account for the realities of the physical
network they are called over, particularly latency and con-
nectivity interruptions. In particular, they should limit the
number of exchanges required between a client and service
provider.

� Remotable service contracts take versioning into
account�Remotable service contracts should be evolvable.
Rarely do APIs �get it right� in the �rst iteration. Further-
more, new requirements often arise after an application has
gone into production. Barring fundamental changes, it
should be possible to version services without breaking
compatibility with existing clients.

� Remotable services limit the assumptions made about
clients�Remotable services should limit the assumptions
they make about clients. Most important, they should not
assume that clients will be written in the same language
they are written in.

To achieve these qualities, SCA relies on techniques of loose cou-
pling developed by integration technologies�in particular, 
message-oriented middleware (MOM). Loose coupling can take a
variety of forms. The two most important forms of loose coupling in
SCA are coarse-grained services and asynchronous communica-
tions. We deal with designing coarse-grained service contracts in
the next section, followed by a detailed discussion of how SCA
allows for asynchronous communications via non-blocking opera-
tions and callbacks in subsequent sections.

SCA relies on tech-
niques of loose
coupling developed
by integration tech-
nologies�in
particular, message-
oriented middle-
ware (MOM).

Perspective: How Loosely Coupled Should Services Be?

A common question that arises when designing service-based applications is how
loosely coupled remote communications should be. One school of thought says that
services should be as loosely coupled as possible and, in order to achieve this, an
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Enterprise Service Bus (ESB) should be used to route messages between all clients
and providers. 
ESBs offer the following forms of loose coupling:

� Target abstraction�The capability to dynamically route service requests to
service providers based on message content or type.

� Protocol translation�The capability to transform a service request from a
client over one protocol into the protocol supported by the service provider.

These capabilities are provided through a �service bus� that is placed between the
client and service provider (see Figure 3.1). 

Figure 3.1 A service bus mediates the communications between a client and service
provider.

When clients are targeted at the bus instead of the actual service provider, it is pos-
sible to change the provider by simply changing the bus con�guration. This can usu-
ally be done without any programming, typically through an administration
console. This gives the added �exibility of allowing the bus to use a different proto-
col to call the service provider than is used to communicate with the client.
SCA takes a different approach to loose coupling by asserting that services should be
no more loosely coupled than necessary. Loosely coupled systems are generally
more dif�cult to write and complex to manage. Moreover, introducing mediation
can result in an unnecessary and potentially expensive invocation hop. As shown in
Figure 3.2, in an ESB, a message is sent from the client to an intermediary and on to
the target service, creating three hops.

Client Service Provider

Service Proxy

ESB
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Figure 3.2 ESBs introduce an additional hop.

In contrast, with SCA, the decision to introduce mediation can be deferred until after
an application has gone into production (see Figure 3.3). This avoids introducing the
performance penalty associated with an extra hop until mediation is needed. If a
service contract changes, an SCA runtime can introduce an intermediary in the wire
between the client and service provider dynamically that transforms the request to
the new format.

Figure 3.3 SCA and late mediation 

Because SCA abstracts the mechanics of remote calls from application code, media-
tion can be introduced in much later stages of an application life cycle without forc-
ing code modi�cations. 
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Component



Coarse-Grained Services 77

Coarse-Grained Services
In SCA, remotable service contracts should have coarse-grained
operations that take document-centric parameters. Let�s examine
what this means. Coarse-grained operations combine a number of
steps that might otherwise be divided into separate methods. To
better understand how coarse granularity is achieved in practice,
we start with a counter-example. Listing 3.2 shows a version of the
LoanService using �ne-grained operations.

Remotable service
contracts should
have coarse-grained
operations that take
document-centric
parameters. Coarse-
grained operations
combine a number
of steps that might
otherwise be di-
vided into separate
methods.

One area where an ESB has an advantage over an SCA runtime is in target abstrac-
tion. SCA provides no mechanism for performing content-based routing where 
a service provider is selected dynamically based on parameter values. To effect 
content-based routing in SCA, a client would need to be wired to a component that
made routing decisions and forwarded the request to the appropriate service
provider.

Listing 3.2 An Example of a Fine-Grained Service Contract

@Remotable
public interface LoanService {

String apply(�oat amount, �oat down);

void supplyCreditInfo(String loanId, String ssn);

LoanResult getResult(String loanId);
}

In the preceding �ne-grained version, applying for a loan is done
through a series of requests to the LoanService.

Although a �ne-grained design seemingly allows for more �exibility
(clients can supply the required information in stages), it can poten-
tially introduce serious performance bottlenecks. Back to Figure 3.2,
each invocation of the LoanService�apply, supplyCreditInfo,
and getResult�entails a separate network roundtrip. This can be
extremely expensive, as parameter data needs to be marshaled and
unmarshaled when the invocation travels across the network. 
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In contrast, the LoanService version used in the last chapter
processes a request using one operation by requiring that all re-
quired data be provided upfront (see Listing 3.3). 

Coarse-grained
operations are
usually document-
centric, which
means they take
one parameter that
encapsulates re-
lated data.

Document-centric
contracts are rec-
ommended for
remotable services
because they are
easier to evolve
while maintaining
compatibility with
existing clients.

Listing 3.3 An Example of a Coarse-Grained Service Contract

@Remotable
public interface LoanService {

LoanResult apply(LoanRequest request);
}

The most important characteristic of the coarse-grained version in
Figure 3.6 is that it optimizes network roundtrips, eliminating a
potentially costly bottleneck. Instead of the three roundtrips
required by the �ne-grained version, the coarse-grained
LoanService requires only one.

Another important difference between �ne- and coarse-grained
interfaces is the number of parameters operations take. With �ne-
grained interfaces, operations commonly take multiple parameters.
In contrast, coarse-grained operations are usually document-
centric, which means they take one parameter that encapsulates
related data. The LoanResult.apply(LoanRequest request)
operation shown previously in Listing 3.3 is document-centric 
because it takes a single parameter of type LoanRequest.

Document-centric contracts are recommended for remotable serv-
ices because they are easier to evolve while maintaining compati-
bility with existing clients. For example, if BigBank decided to
collect additional optional loan information that would be used to
offer interest rate discounts, it could do so by adding additional
�elds to the LoanRequest type. Existing clients would continue to
function because the additional �elds would simply be ignored. In
contrast, the �ne-grained contract would more likely require modi-
�cations to the operation signature, breaking existing clients.

Using coarse-grained operations that take document-centric param-
eters decreases the amount of inter-process communication in an
application. This not only improves performance by limiting net-
work traf�c, it also makes writing robust applications easier
because developers are required to handle issues related to service
unavailability and versioning at fewer places in the application.



Coarse-Grained Services 79

However, there is also a disadvantage to the coarse-grained ap-
proach�error handling can be much more dif�cult. In the coarse-
grained version of the LoanService, applicant-related data is
contained in the LoanApplication class, which is passed to the
former as one parameter. This makes the source of errors in part of
the data more dif�cult to identify and respond to. For example, an
invalid ZIP code (postal code) may occur in the applicant�s or prop-
erty address. This requires a mechanism for reporting the source of
errors. In addition, the application could have a number of prob-
lems with it, requiring a way to aggregate and report them in an
exception or result data. Handling errors in this way is more com-
plicated than it is with the �ne-grained contracts, but the advan-
tages of loose coupling outweigh the added complexity.

Using WSDL for Service Contracts
Remotable services should be loosely coupled with their clients by
making limited assumptions about them. This entails not assuming
clients will be written in Java. When de�ning remotable service
contracts, it is therefore good practice to design for language inter-
operability. One of the key pitfalls in doing so is the translation of
data types across languages. In particular, operation parameter
types may not map cleanly or at all in different languages. Simple
types such as strings and numerics generally do not present dif�cul-
ties. However, user de�ned-types, especially complex types such as
classes, often pose challenges. To achieve interoperability, it may
be necessary to create a language-neutral representation of the
service contract that also de�nes operation parameter types. 

As we have seen in Chapter 2, �Assembling and Deploying a
Composite,� the most common way to do this today is through
WSDL. A WSDL document describes a service or set of services
and their operations. SCA runtimes and IDEs typically provide tool-
ing that makes it easier to work with WSDL. For example, some
tools allow the service contract to be written in Java �rst as an inter-
face and a WSDL generated from it. This is usually the easiest ap-
proach, at least for Java developers. However, some organizations
prefer a top-down approach where service contracts are crafted
directly in WSDL. This approach, although more time-consuming
and potentially dif�cult, has the advantage of better accommodat-
ing interoperability because the contract is de�ned in a language-
neutral way. When starting top-down, Java interfaces that

A WSDL document
describes a service 
or set of services and
their operations.
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application code uses are created based on the WSDL contract.
Fortunately, many tools automate this process by generating the
interfaces from WSDL.

WSDL Basics

In this book, we don�t explain the details of WSDL. At some point, it is worth be-
coming more familiar with the technology. The WSDL 1.1 (http://www.w3.
org/TR/wsdl) and WSDL 2.0 (http://www.w3.org/TR/ wsdl20-primer, http://www.w3.
org/TR/wsdl20, http://www.w3.org/TR/ wsdl20-adjuncts, and http://www.w3.org/TR/
wsdl20-bindings) speci�cations are options, although they can be tedious reading.
For a concise introduction, we recommend Understanding Web Services by Eric
Newcomer (Addison-Wesley, 2002), which is in the same series as this book. In the
meantime, we will brie�y summarize the main WSDL concepts that relate to SCA.
In WSLD 1.1, a port is some unit of code that is reachable at a given network ad-
dress over a particular protocol. This unit of code is often referred to as an endpoint.
For example, an endpoint may be located at http://bigbank.com/ creditService us-
ing the HTTP protocol. A port contains a set of operations that process messages in a
given format. The CreditService endpoint has a #rate operation that takes a cus-
tomer ID to return a credit rating for. When the endpoint is invoked, it receives a
message containing this data via HTTP encoded in a speci�ed format�for example,
SOAP 1.1. 
Ports are broken down into a number of separate elements. A portType de�nes the
set of operations for an endpoint. It is roughly analogous to an interface in Java. A
binding de�nes the message format (for example, SOAP 1.1) and protocol details for
a portType (for example, HTTP). Finally, a port speci�es an address where the end-
point can be contacted. WSDL separates out these elements so that they can be
reused. Two ports can use the same portType but different bindings. Two different
endpoints would be created that perhaps were available over different protocols but
offered the same set of operations to clients.
WSDL 1.1 somewhat confusingly (at least from the perspective of SCA) also de�nes
the concept of a �service,� which is different than an SCA service. In WSDL 1.1, a
service is a collection of related ports. 
In response to limitations and complaints about the complexity of WSDL 1.1, WSDL
2.0 introduced several important changes. Although we will not document the
changes here, there are two that you need to be aware of. First, WSDL 2.0 has 
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Service Contracts and Data Binding
All SCA runtimes must support a mechanism for serializing parame-
ter types remotely. This mechanism is commonly referred to as
�data binding.� An SCA runtime may support one or several data-
binding technologies, depending on the remote communication
protocol used. For example, an SCA runtime may support one data-
binding technology for serializing parameter values as XML and
another for binary protocols. Some data-binding technologies place
special requirements on parameter types that you may need to take
into account when designing service contracts. Again, because
data-binding technologies are vendor-speci�c, different SCA run-
times may vary in their approach. Books have been written on the
subject of data binding, and we will not cover it in depth here other
than to discuss where it �ts into remotable service design.

The most prevalent data-binding technologies when working with
XML today are XML Schema-based, including JAXB (part of JDK
since version 6), Service Data Objects (SDO), and XmlBeans.
Despite their differences, JAXB, SDO, and XmlBeans (and most
other data-binding technologies) use XML Schema as the way of
de�ning types for XML in order to map from Java types (for
example, classes and primitives) to XML and vice versa (see 
Figure 3.4).

All SCA runtimes
must support a
mechanism for
serializing parame-
ter types remotely.
This mechanism is
commonly referred
to as �data 
binding.�

renamed portType to interface and port to endpoint. Second, a service is now 
restricted to one interface (as opposed to WSDL 1.1, which allowed multiple
portTypes).
Starting from Java or WSDL largely comes down to weighing the pros and cons of
each approach and personal preference. Whether you choose WSDL �rst or code
�rst, you will also need to account for operation parameter serialization. As we dis-
cussed in Chapter 2, remote calls must serialize parameter values over a communi-
cation transport. WSDL de�nes the format for �owing parameter values using XML
Schema. If a service provider is implemented in Java, there must be a way of deseri-
alizing parameter values into Java objects. How parameter values are deserialized
depends on the data-binding technology used by the SCA runtime.
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An SCA runtime
uses a data-binding
technology to trans-
late data sent as
XML from a client
to a service.

Java Types

XMLXML
Schema

Figure 3.4 JAXB, SDO, and XmlBeans use XML Schema to map be-
tween Java and XML.

JAXB, SDO, and XmlBeans specify rules for mapping from schema
to Java types and vice versa. These type mappings are used to con-
vert data between XML and Java�for example, mapping
java.lang.String to the schema type xs:string.

An SCA runtime uses a data-binding technology to translate data
sent as XML from a client (often written in a language other than
Java) to a service. To do so, it uses its schema-based mapping 
rules to translate the XML data into its Java representation (see
Figure 3.5).

Parameter objects are
serialized according to data
binding type mappings. Parameter objects are

deserialized according to 
data binding type mappings.

Non-Java
Client

<xml/>

Figure 3.5 Marshaling to XML 

Similarly, an SCA runtime uses a data-binding technology to serial-
ize data to XML when a call is made to a remote service. 

Fortunately, although data-binding discussions can become com-
plex and esoteric, XML data-binding technologies are relatively
easy to use. JAXB, SDO, and XmlBeans all support the �start-from-
schema� approach where a combination of WSDL and XML
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Schema are used to de�ne the service contract and its operation
parameters. In this approach, Java classes are derived from WSDL
and XML Schema. An SCA runtime or an IDE may provide tooling
that automates this process by generating Java classes.

Some data-binding technologies also support �start-with-Java.� In
this approach, rather than having to deal with the complexity of
XML, developers can de�ne their interfaces in Java and have WSDL
and XML Schema generated. An SCA runtime may use one of these
data-binding technologies to enable developers to write service
contracts entirely in Java. Fabric3, for example, uses JAXB.

JAXB is arguably one of the easiest �start-from-Java� data-binding
technologies. Being part of the JDK since version 6, it certainly is
the most prevalent. JAXB does a good job of specifying default
mappings so developers don�t have to. JAXB makes heavy use of
annotations to map from Java to XML. For example, to bind the
LoanApplication type to XML using JAXB, @XmlRootElement is
added as an annotation to the class (see Listing 3.4).

Perspective: Which Data Binding Should You Choose?

A common misperception is that SCA requires or mandates SDO as its data-binding
technology. In fact, SCA is data binding-agnostic and is intended to work equally
well with JAXB, XmlBeans, and other like technologies. Selecting a data-binding so-
lution will often be constrained by the runtime, which may support only one or a
limited number. In cases where there is a choice, selection should be based on the
requirements of an application. 
JAXB is particularly well-suited for interacting with data in a strongly typed fashion,
namely as Java types. This is perhaps the most common development scenario, as

Listing 3.4 A JAXB Complex Type 

package com.bigbank.message; 

import javax.xml.bind.annotation.XmlRootElement;

@XmlRootElement
public class LoanApplication {

//....
}
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component implementations are generally aware of the data types they will be ma-
nipulating in advance. Other major advantages of JAXB are its relative simplicity
and its capability to use plain Java Objects (POJOs) without the need to generate
special marshaling classes. When combined with SCA, JAXB provides a fairly trans-
parent solution for marshaling data to and from XML. For example, in the following
extract, the JAXB LoanRequest and LoanResult objects can be unmarshaled and
marshaled transparently by the SCA runtime:
public class LoanComponent implements LoanService {
// �.
public LoanResult apply(LoanRequest request) {
//� process the request and invoke the credit
service
CustomerInfo info = request.getCustomerInfo();
CreditService.checkCredit(info);
//.. continue processing to receive a result code
LoanResult result = new LoanResult();
result.setCode(code)
return result;

}
A major disadvantage of JAXB is that although it provides strong support for �start-
from-Java� and �start-from-schema� development scenarios (that is, generating a
schema for existing Java classes and generating Java classes from an existing
schema, respectively), it does not handle �meet-in-the-middle� well. The latter is
important in situations where existing schemas must be reconciled with existing
Java types. 
Another feature lacking in JAXB is support for an API to dynamically access XML
data. In situations where a component may not statically know about the data types
it will manipulate, SDO and XMLBeans provide a dynamic API for introspecting and
accessing data.
A signi�cant downside of SDO and XmlBeans is their current lack of support for
starting with Java. Both data-binding technologies require Java types to be generated
from pre-existing schemas. This introduces another step in the development process
(generating the Java types) and slightly complicates application code as SDO and
XmlBeans require generated types to be instantiated via factories. 
In many cases, JAXB is a reasonable choice given its simplicity and reliance on
POJOs. However, application requirements may vary where SDO, XmlBeans, or an
alternative technology are more appropriate. Fortunately, SCA is not tied to a partic-
ular data-binding solution and can accommodate a number of different approaches
to working with XML.
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Pass-By-Value Parameters
An important characteristic of remotable services is that operation
parameters are pass-by-value, as opposed to pass-by-reference.
The main difference between the two types concerns visibility of
operation parameters. When pass-by-value parameters are modi-
�ed by the component providing a service, they are not visible to
the client. When pass-by-reference parameters are modi�ed by a
component providing a service, they are visible to the client. In
Java, pass-by-reference means a reference to the same parameter
object is shared by the client and service provider. Pass-by-value
generally entails copying parameters or enforcing a copy-on-write
scheme�that is, lazily copying when data is modi�ed. For
example, the following example demonstrates the difference be-
tween pass-by-value and pass-by-reference:

When pass-by-
value parameters
are modi�ed by the
component provid-
ing a service, they
are not visible to
the client. When
pass-by-reference
parameters are
modi�ed by a com-
ponent providing a
service, they are
visible to the client.

public class ClientImpl implements Client {
public void execute() {

Message message = new Message();
message.setBody(�hello�);
service.invoke(message);
System.out.println(message.getBody());

}
}
public class ServiceImpl implements Service {

public void invoke(Message message) {
message.setBody(�goodbye�);

}
}

In the preceding example, assume ServiceImpl takes enough time
processing the message that the call to Message.setBody(..) in
Client is made before the call to System.out.println(..) in
ServiceImpl. If the Service interface is marked with
@Remotable, ServiceImpl will output: Message is hello.
However, if the Service interface is not marked with @Remotable,
ServiceImpl will output: Message is goodbye.

In the case where ClientImpl and ServiceImpl are located in
processes on different machines, pass-by-value is enforced as the
parameters are marshaled from one process to the other (see 
Figure 3.6).
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When a client and
provider are co-
located in the same
process, parameter
copying may intro-
duce signi�cant
overhead.

Parameter objects 
are deserialized
resulting in new
objects.

Parameter
objects are
serialized.

Remote Transport

<xml/>

Figure 3.6 A pass-by-value invocation 

When both the client and provider are in the same address space,
an SCA runtime must also ensure these same semantics. Otherwise,
the interaction between two components can drastically change
based on how they are deployed, leading to unpredictable results.
In order to ensure consistency and pass-by-value, an SCA runtime
will typically copy parameters as a remotable service is invoked
(see Figure 3.7). This ensures that neither the client nor the service
provider is accidentally depending on by-reference semantics. 

SCA Runtime

Parameter objects are
copied by the runtime.

Figure 3.7 A pass-by-value invocation between co-located components

When a client and provider are co-located in the same process,
parameter copying may introduce signi�cant overhead. If parame-
ters are immutable types�for example, Java strings or primitives�
the SCA runtime may perform an optimization by avoiding copying
because the parameters cannot be modi�ed. However, because
parameters are often mutable, it is important to think carefully
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SCA provides a
mechanism, the
@AllowsPassBy
Reference anno-
tation, which al-
lows runtimes to
avoid unnecessary 
parameter.

about the performance impact of de�ning a service as remotable.
Because the LoanService must be accessible to remote clients, we
are willing to accept the performance penalty associated with pass-
by-value parameters.

@AllowsPassByReference
When the client and remote service are co-located, the SCA run-
time typically ensures pass-by-value semantics by making a copy of
the parameter data prior to invoking the service. If the service im-
plementation does not modify parameters, this can result in signi�-
cant and unnecessary overhead.

SCA provides a mechanism, the @AllowsPassByReference anno-
tation, which allows runtimes to avoid unnecessary parameter
copying when an invocation is made between two co-located com-
ponents. This annotation is speci�ed on a component implementa-
tion class or operation to indicate that parameters will not modi�ed
by application code. The implementation in Listing 3.5 uses the
annotation on the interface, allowing the runtime to optimize all
operations when the component is co-located with a client:

Listing 3.5 Using @AllowsPassByReference

import org.osoa.sca.annotations.AllowsPassByReference;

@AllowsPassByReference
public class LoanComponent implements LoanService {

LoanResult apply(LoanRequest request) {
�

}

}

Generally, @AllowsPassByReference is used on an interface.
However, if a service contains multiple operations, some of which
modify parameters, the annotation may be used on a per-operation
basis.
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Asynchronous Interactions
Calls to remotable services that take place over a network are typi-
cally orders of magnitude slower than in-process invocations. In
addition, a particular service invocation may take a signi�cant
amount of time to complete; perhaps hours, days, or even months.
This makes it impractical for clients to wait on a response or to hold
a network connection open for an extended period of time. In these
cases, SCA provides the ability to specify non-blocking operations.
When a client makes a non-blocking invocation, the SCA runtime
returns control immediately to it and performs the call on another
thread. This allows clients to continue performing work without
waiting on a call to complete.

Asynchronous communications have a long history in MOM tech-
nologies and differ substantially from the synchronous communica-
tion styles adopted by technologies including RMI, EJB, DCOM,
and .NET Remoting. A downside to asynchronous interactions is
that they tend to be more complex to code than synchronous invo-
cations. However, asynchronous communications are more loosely
coupled then synchronous variants and provide a number of bene-
�ts that outweigh the additional complexity in many situations.
Because a client does not wait on a non-blocking call, the SCA
runtime can perform multiple retries if a target service is not avail-
able without blocking the client. This is particularly important for
remote communications where service providers may be rendered
temporarily unavailable due to network interruptions. 

Asynchronous interactions have an additional advantage in that
they generally improve application scalability. They do this by en-
abling clients to perform other tasks while a call is outstanding.
Non-blocking operations also let clients make a series of parallel
invocations, potentially reducing the amount of time required to
complete a request as operations do not need to be performed seri-
ally. In addition, particularly in cases where an operation may take
a long time to complete, non-blocking operations allow runtimes to
hold network resources for shorter periods of time and not have to
wait on a response. 

To summarize, the advantages of asynchronous interactions include
the following:

When a client makes
a non-blocking
invocation, the SCA
runtime returns
control immediately
to it and performs
the call on another
thread.

Asynchronous
communications
are more loosely
coupled than syn-
chronous variants
and provide a num-
ber of bene�ts that
outweigh the addi-
tional complexity in
many situations.
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� They are more loosely coupled.
� They tend to be more scalable.
� Fewer network resources are held for long periods of time.

Although there is no hard-and-fast-rule, non-blocking operations
should be used for remotable services when possible. To see how
this is done, we will modify the CreditService.checkCredit()
operation to be non-blocking. Calculating a credit rating may be
time-consuming, and by performing this operation asynchronously,
the LoanComponent component can continue with other tasks. In
addition, BigBank may decide in the future to use multiple
CreditService implementations that rely on different credit bu-
reaus. Making the service asynchronous will allow the
LoanComponent to issue multiple calls in succession without hav-
ing to wait for each to complete. 

Specifying a non-blocking operation using Java is straightforward:
Mark a method on an interface with the @OneWay annotation.
Listing 3.6 demonstrates a service contract with a non-blocking
operation:

Listing 3.6 De�ning a Non-Blocking Operation

import org.osoa.sca.annotations.OneWay;
@Remotable
public interface CreditService {

@OneWay
void checkCredit(String id);

}

It is important to note that SCA places two restrictions on non-
blocking operations. First, they must have a void return type. (We
cover how to return responses using callbacks in the next section.)
Non-blocking operations must also not throw exceptions.

Listing 3.7 shows how the CreditService is called from a client: 

Although there is
no hard-and-fast-
rule, non-blocking
operations should
be used for
remotable services
when possible.

Specifying a non-
blocking operation
using Java is straight-
forward: Mark a
method on an inter-
face with the
@OneWay annotation.

SCA places two re-
strictions on non-
blocking operations:
They must have a
void return type, and
they must not throw
exceptions.

Listing 3.7 Calling a Non-Blocking Operation

public class LoanComponent implements LoanService {
private CreditService creditService;
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public void LoanComponent (@Reference CreditService service){
this.service = service;

}

public LoanResult apply(LoanRequest request) {
creditService.checkCredit(request.getId());
// continue without waiting for the call to complete 
�

}

}

Why @OneWay Instead of @NonBlocking?

You may wonder why the SCA authors chose to name the annotation that de�nes
non-blocking operations @OneWay instead of @NonBlocking. The reason has to do
with the vocabulary used in the world of protocol standards. Message exchange pat-
terns, or MEPs, de�ne the interaction pattern a protocol uses to communicate be-
tween two participants. There are two basic MEP types: request-response and
one-way. TCP, for example, uses the former, whereas UDP uses the latter. Because
remote service calls are ultimately sent via a protocol, the SCA authors wanted to be
precise in their terminology.

How does an SCA runtime implement non-blocking behavior? This
depends in part on whether the client and service provider are co-
located or hosted in different processes. For a local call (that is,
between a co-located client and provider), the runtime will execute
the invocation on a different thread. If the call is remote, the run-
time will ensure that the underlying communications infrastructure
uses asynchronous (one-way) delivery. This can be trivial with some
communications mechanisms such as JMS, which are inherently
asynchronous. However, it may be more involved with others that

In the previous example, when the call to CreditService.
checkCredit() is made, the runtime will return control immedi-
ately to the LoanComponent without waiting for the call to the
CreditService to complete.
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are synchronous, such as RMI/IIOP. In these cases, the runtime may
need to take extra steps (such as using a different thread) to ensure
that the calls are sent in a non-blocking manner. 

Reliability
One issue that often comes up with non-blocking invocations is
reliability. Namely, given that the invocation is performed asyn-
chronously and there is no return value, how does a client know if
the target service successfully received the invocation? Reliable
delivery is often achieved via the underlying communications
channel. For example, an SCA runtime could use JMS or messaging
middleware to send an invocation to a target service. As we cover
at length in Chapter 7, �Wires,� a client can place requirements
such as reliable delivery on its communications with other services
through the use of policy.

Exception Handling
Because one-way invocations return immediately without waiting
for the service provider to complete processing an invocation, ex-
ceptions cannot be thrown and returned to the client. Instead, ex-
ceptions should be passed back to a client via a callback, the
subject of the next section. After we have covered callbacks, we
will return to a discussion on how to use them for error handling
with non-blocking invocations. 

Callbacks
In the previous example, we modi�ed the CreditService.
checkCredit() to be non-blocking. This poses a seeming prob-
lem: Because SCA requires non-blocking operations to have a
void return type, how does the checkCredit operation return the
credit score to a client? After all, the CreditService would be
fairly useless if it did not return a credit rating. 

SCA allows services with non-blocking operations to return
responses to clients through a callback. A callback is essentially a
proxy to the client given to the service provider when an invocation
is made. This proxy can be used to invoke operations on the
client�for example, to provide status updates or return a result. In

SCA allows services
with non-blocking
operations to return
responses to clients
through a callback.
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SCA, service providers that callback their clients are said to offer
bidirectional services. That�s because the service provider commu-
nicates with its client through a callback service. Callback services
are just like regular service contracts. The only restriction SCA
places on bidirectional services is that both the forward and call-
back service must either be remotable or local; it is not possible to
mix service types.

When a client component wired to a component offering a bidirec-
tional service is deployed, the runtime establishes two communica-
tions channels: one for the forward service and one for the callback
(see Figure 3.8).

Service providers
that callback their
clients are said to
offer bidirectional
services.

Callbacks are useful
for implementing
potentially long-
running interactions
in an ef�cient and
scalable manner.

Callback Service Callback
Proxy

Figure 3.8 Two communication channels are established for the for-
ward service and a callback.

A callback is initiated by the service provider when it has �nished
processing a request or wants to update the client at a certain point
in time. Callbacks are useful for implementing potentially long-
running interactions in an ef�cient and scalable manner. A callback
can be made in response to an invocation after a period of months.
When used in conjunction with non-blocking operations, this al-
lows a runtime to hold a network connection only for the time it
takes to marshal the forward and callback invocations as opposed
to the time spent processing. 

To use a callback in Java, the service contract declares a callback
interface that must be provided by the client. This is done via the
@Callback annotation. Listing 3.8 lists the CreditService modi-
�ed to specify a callback interface, CreditCallback.
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Listing 3.8 Specifying a Callback Interface

import org.osoa.sca.annotations.OneWay;
import org.osoa.sca.annotations.Callback;

@Remotable
@Callback(CreditCallback.class)
public interface CreditService {

@OneWay
void checkCredit(String id);

}

The CreditCallback interface is de�ned in Listing 3.9.

Listing 3.9 The Callback Interface

@Remotable
public interface CreditCallback {

@OneWay
void onCreditResult(CreditScore score);

}

Using a callback in a component implementation is straightfor-
ward. The component uses the @Callback annotation to instruct
the runtime to inject a proxy to the callback service. This is shown
in Listing 3.10.

Listing 3.10 Injecting and Invoking a Callback Proxy

public class CreditComponent implements CreditService {

private CreditCallback callback;

@Callback
public void setCallback(CreditCallback callback){

this.callback = callback;
}

public void checkCredit(String id){
// calculate credit rating and invoke the callback
CreditResult result = //..
callback.onCreditResult(result);

}
}
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Callback injection follows the same rules as reference and property
injection: Public setter methods and �elds, protected �elds, and
constructor parameters may be marked with the @Callback
annotation.

In the composite, the LoanComponent and CreditComponent are
wired as before. In other words, there is no special wiring informa-
tion required for the callback. Listing 3.11 lists the composite.

Listing 3.11 No Special Wiring Information Is Needed in a Composite for Bidirectional
Services

<composite �>
<component name =�LoanComponent  �>

<implementation.java class=�com.bigbank.LoanComponent  �/>
<reference name=�creditService� target=�CreditComponent �/>

<component>

<component name =� CreditComponent �>
<implementation.java class=�com.bigbank.CreditComponent �/>

<component>
</composite>

The SCA runtime will be able to �gure out from the annotations on
the interface contracts that forward and callback communications
channels need to be established between the LoanComponent and
CreditComponent.

In the previous example, the callback interface speci�ed only one
operation, which returned the credit rating result. In many cases, a
client and service provider will have a series of interactions. For
example, a service provider may want to provide status updates to a
client. Or the service provider may notify a client of different results
for different forward operations. To do so, the callback interface
may de�ne multiple operations. For example, the CreditCallback
could de�ne a callback operation for status updates. As with regular
services, callback services can be invoked multiple times. 
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Exception Handling, Non-Blocking Operations, and Callbacks
When we discussed non-blocking operations, we mentioned that
exceptions encountered by a service provider cannot be thrown
back to the client because the original invocation will likely have
returned prior to processing. Instead, callbacks should be used to
report error conditions back to the client. This can be done by
adding operations to the callback interface, as shown in Listing
3.12.

When to Use @AllowsPassByReference

Previously, we introduced the @AllowsByReference annotation, which is used to
have the runtime avoid copying parameters for co-located service calls. As a rule of
thumb when implementing remotable services, @AllowsByReference should be used
if parameters do not need to be modi�ed. This will generally result in performance
gains when the client and service implementation are co-located.
However, you should not use @AllowsPassByReference on one-way methods
(that is, those marked with @OneWay), because the client might modify the input ob-
jects before the service has begun processing at them. This is because control is 
returned immediately to the client after it has invoked a one-way operation, 
regardless of whether the service provider has begun to process the request.
@AllowsByReference should also not be used with callbacks, because the client
may modify input objects when the callback is made.

Listing 3.12 Reporting Service Provider Errors Using a Callback

@Remotable
public interface CreditCallback {

@OneWay
void onCreditResult(CreditScore score);

@OneWay
void onError(CreditScoreError error);

}
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Instead of throwing an error, the service provider invokes the call-
back, passing an error object containing information detailing the
nature of the exception.

Designing Local Services
Simple SCA applications may have just a few remotable services
implemented by isolated classes. However, applications of any
complexity will have remotable services implemented by compo-
nents that rely on multiple classes to perform their task. One imple-
mentation strategy is for a component to directly instantiate the
classes it needs. With this approach, each component is respon-
sible for con�guring the classes it needs.

The SCA authors believed that requiring individual components to
manually assemble local objects would lead to brittle, dif�cult-to-
maintain applications. As an application increases in complexity,
having components instantiate classes directly makes con�guration
more dif�cult and inhibits sharing between components. Why not
apply the same assembly techniques to local objects, making them
components as well?

Local services are used to assemble �ner-grained components
hosted in the same process. These components interact to process a
request made via a remotable service, as displayed in Figure 3.9.

Local services are
used to assemble
�ner-grained com-
ponents hosted in
the same process.

Remotable Service

Composite

Data Access
Component

Database

Messaging
Component

Figure 3.9 Local service assembly
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Why are local services important in distributed applications? The
simple answer is they enable developers to avoid having to make
all services in an application remotable if they want to use the as-
sembly capabilities of SCA. 

Local services are much more performant than remotable services
because they avoid network calls and having to pass parameters by
value, which involves the expense of copying. (We explained pass-
by-value in Chapter 2.) Local services also reduce application com-
plexity, as clients do not need to account for service interruptions
and latency when they are invoked. Perhaps most important, local
services provide application-level encapsulation by enabling devel-
opers to restrict access to services that should not be exposed re-
mote clients. Returning to our API analogy for remotable services,
local services enable developers to provide cleaner interfaces by
restricting access to parts of an application.

Local services should be designed using object-oriented principals
instead of service-based principals. Because local services are co-
located, they do not need to account for network latency or unreli-
ability. Further, because all calls to local services are in-process,
parameters are passed by-reference as opposed to by-value. (That
is, no copy is made.) By dispensing with the degree of loose-
coupling demanded by remotable services, application code can
be greatly simpli�ed. At the outset of the chapter, we stated SCA
rejected the notion that object-oriented techniques should be ap-
plied to distributed components. In this context, it is also true that
SCA rejects the notion that service-based techniques should be
applied to local components.

In contrast to remotable services, local service contracts should be
�ne-grained and perform very speci�c tasks. Finer-grained opera-
tions are generally easier for clients to use and provide more �exi-
bility because processing can be broken down into a series of
invocations. Finer-grained service contracts also tend to make ap-
plications more maintainable because components that implement
them perform speci�c tasks. This allows applications to be orga-
nized better as discrete units. This has the added bene�t of making
testing easier.

Local services
should be designed
using object-
oriented principals
instead of service-
based principals.

In contrast to re-
motable services,
local service con-
tracts should be
�ne-grained and
perform very spe-
ci�c tasks.
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Implementing a component that offers a local service is straightfor-
ward. The implementation can be a plain Java class with no other
requirements. It may have properties and references like any other
component. Although not strictly required, the class should imple-
ment an interface that de�nes the service contract. Listing 3.13
illustrates a basic component implementation with one local
service.

Listing 3.13 A Local Service Implementation 

public class DataAccessComponent implements LocalDataService {

public LoanRecord �nd(String id) throws DataAccessException {
LoanRecord record = // �nd the record in the database
return record;

}

public void save(LoanRecord record) throws DataAccessException {
// save the LoanRecord to the database
�

}

public void delete(LoanRecord record) throws DataAccessException {
// remove the LoanRecord from the database
�

}

}

In a complete implementation, the class in Listing 3.13 would use a
persistence technology such as JDBC or Java Persistence Architec-
ture (JPA) to access the database. Chapter 11, �Persistence,� covers
persistence in detail, in particular using JDBC and JPA with SCA.

Component Scopes 
Up to this point, we have discussed component life cycle only
brie�y. Although some applications may be composed entirely of
stateless components, it is often the case that components need 
to preserve state across a number of requests. Components can
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maintain state manually�for example, by persisting it to a data-
base. However, using a database is a fairly heavyweight solution.
There are also cases where component initialization is expensive
and it is appropriate to have one instance of a component handle
multiple requests. To accommodate these cases, the SCA program-
ming model allows component implementations to specify their life
cycle, or scope. A scope de�nes the life cycle contract a compo-
nent implementation has with the SCA runtime. 

Component Implementation Instances
In order to understand scopes, it is necessary to brie�y explain how
an SCA runtime dispatches a request to a component implemented
in Java. Figure 3.10 illustrates how an SCA runtime forwards a re-
quest to a component.

A scope de�nes the
lifecycle contract a
component imple-
mentation has with
the SCA runtime.

Because an SCA
runtime commonly
handles multiple si-
multaneous requests,
many instances of the
component implemen-
tation class may be
active at any given
time.

Client Java
Class

Service request
received by the
SCA runtime.

Request forwarded
to and instance of the
implementation class.

SCA Runtime

1

2

Figure 3.10 Dispatching to a component implementation instance

When a request is received, the runtime forwards the request to an
instance of the component implementation.

Because an SCA runtime commonly handles multiple simultaneous
requests, many instances of the component implementation class
may be active at any given time. The SCA runtime is responsible for
dispatching those requests to individual instances, as depicted in
Figure 3.11.
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Figure 3.11 Dispatching to multiple component implementation 
instances

Scopes are used by component implementations to instruct the SCA
runtime how to dispatch requests to implementation instances.
Scopes are speci�ed using the @Scope annotation on the imple-
mentation class. Because scopes determine how requests are dis-
patched, they control the visibility of an implementation instance to
clients. SCA de�nes three scopes: stateless, composite, and conver-
sation. In this chapter, we cover the �rst two; conversation scope is
the subject of Chapter 4, �Conversational Interactions Using Java.�

Stateless-Scoped Components
By default, components are stateless. For stateless components, the
SCA runtime guarantees that requests are not dispatched simultane-
ously to the same implementation instance. This means that an
instance will process only one request at a time. To handle simulta-
neous requests, an SCA runtime will instantiate a number of in-
stances to process the requests concurrently. Further, if a client
makes a series of requests to a stateless implementation, there is no
guarantee that the requests will be dispatched to the same instance.
(They likely will not.) Typically, a runtime will either create a new
instance for every request or pull an instance from a pool.

Note that a component with a stateless scope is not necessarily
devoid of state. The stateless scope means that only the SCA infra-
structure will not maintain any state on the component�s behalf.

SCA de�nes three
scopes: stateless,
composite, and
conversation.

For stateless com-
ponents, the SCA
runtime guarantees
that requests are
not dispatched
simultaneously to
the same imple-
mentation instance.

Client

Client
Java
Class

Java
Class

Service requests
received by the
SCA runtime. 

Request forwarded
to and instance of the
implementation class.

Loan Component

SCA Runtime

1

2
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The component may manage state manually through a database or
some other storage mechanism, such as a cache.

Composite-Scoped Components
For components that are thread-safe and take a long time to initial-
ize, having multiple implementation instances may result in unnec-
essary overhead. Sometimes only one implementation instance for
a component should be active in a domain. In these cases, SCA
allows implementations to be declared as composite-scoped by
using the @Scope(�COMPOSITE�) annotation, as demonstrated in
Listing 3.14. 

Composite-scoped
implementations
are similar to
servlets: One in-
stance in a domain
concurrently
handles all
requests.

Listing 3.14 A Composite-Scoped Component Implementation

import org.osoa.sca.annotations.Scope;

@Scope(�COMPOSITE�)
public class LoanComponent implements LoanService {

// ....
public LoanResult apply(LoanRequest request) {

//�
}

}

Composite-scoped implementations are similar to servlets: One
instance in a domain concurrently handles all requests.
Consequently, like servlets, composite-scoped implementations
must be thread-safe. However, unlike servlets, the component im-
plementation may store state in its �elds and expect that every use
of the component will have access to that state.

Of�cially, the lifetime of a composite-scoped instance is de�ned as
extending from the time of its �rst use (that is, when the �rst request
arrives or the component is initialized�more on this later) to the
time its parent composite expires. During this period, the SCA run-
time will create only one instance and route all requests to it. Note
that some SCA runtimes may provide fault tolerance for composite-
scoped components. In these cases, if the process hosting a com-
posite-scoped component crashes, the runtime will guarantee that
failover occurs to another process without losing data associated
with the component. 
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Using Stateless Components

By default, components are stateless. Every invocation to a service offered by a
stateless component may be dispatched by the SCA runtime to a different instance of
the implementation class. In a distributed environment, stateless instances afford the
domain �exibility in scaling an application. This is because state does not need to
be maintained by the runtime between requests. Consequently, when a stateless
component is deployed, it can be hosted in multiple runtime instances.
To understand how a component�s scope affects scaling, consider the case where
two components are clients to a service offered by a third component. If the two
clients are deployed to separate processes, copies of the stateless service provider
component may be co-located with the clients (see Figure 3.12).

Figure 3.12 Co-locating three stateless components

Co-locating copies of the service provider component can be done because state is
not managed by the runtime, allowing it to be replicated throughout the domain.
This has the effect of improving application performance because requests from the
two clients are not sent over the network. It also provides better fault tolerance be-
cause a failure affecting one runtime will affect only a single client. 

Runtime 1 Runtime 2
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Conversation-Scoped Components
SCA provides the ability to have the runtime manage state between
a client and a component over a series of interactions known as a
�conversation� by using conversation-scoped implementations. We
provide an in-depth discussion of conversational services and con-
versation-scoped components in Chapter 4. 

Initialization and Destruction Noti�cations
Component implementations can receive life cycle noti�cations by
annotating public, zero-argument methods with the @Init and
@Destroy annotations. A method annotated with @Init will be
called by the SCA runtime when the implementation instance is
created. Similarly, a method annotated with @Destroy will be
called as the implementation scope expires and the component
instance is released. Initialization and destruction callbacks can be
used by implementations to set up and clean up resources. The
following demonstrates initialization and destruction methods on a
composite-scoped implementation. The initializer method will be
called when the implementation instance is �rst created and all of
its dependencies have been injected. If the class uses any setter-
based or �eld-based injection, the constructor of the class isn�t a
very useful place to put initialization logic, so a method that is
marked with @Init should be used. If only constructor injection is
used, the constructor may also be used as the initializer.

The component�s destructor will be invoked when the parent com-
posite is removed from the runtime, causing the component to
expire (see Listing 3.15).

Component imple-
mentations can
receive lifecycle
noti�cations by
annotating public,
zero-argument
methods with the
@Init and
@Destroy
annotations.

Listing 3.15 Using @Init and @Destroy

import org.osoa.sca.annotations.Scope;
import org.osoa.sca.annotations.Init;
import org.osoa.sca.annotations.Destroy;

@Scope(�COMPOSITE�)
public class CreditComponent implements CreditService {

@Init
public void init(){

// perform initialization
}
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Eager Initialization
By default, composite-scoped implementations are lazily instanti-
ated by the SCA runtime�that is, they are instantiated as the �rst
service request is received. In some cases, particularly when initial-
ization is time-consuming, it is useful to perform instantiation
upfront as the composite is activated in the domain. Composite-
scoped implementations can be set to eagerly initialize through use
of the @EagerInit annotation, as shown in Listing 3.16.

Composite-scoped
implementations
can be set to ea-
gerly initialize
through use of the
@EagerInit
annotation.

@Destroy
public void destroy(){

// perform cleanup
}

// �
}

Listing 3.16 An Implementation Marked to Eagerly Initialize

import org.osoa.sca.annotations.Scope;
import org.osoa.sca.annotations.EagerInit;
import org.osoa.sca.annotations.Init;
import org.osoa.sca.annotations.Destroy;

@Scope(�COMPOSITE�)
@EagerInit
public class CreditComponent implements CreditService {

@Init
public void init(){

// perform initialization
}

@Destroy
public void destroy(){

// perform cleanup
}

// �
}

The preceding implementation will be instantiated as soon as the
component is activated in the domain, prior to receiving requests.
As part of the instantiation process, the init method will also be
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invoked by the SCA runtime. (The implementation could have
omitted an initializer if it were not required.) 

Testing Components
We conclude this chapter with a note on testing. A common ques-
tion that arises when writing SCA components is how best to test
them. In recent years, a wide range of testing methodologies has
emerged, some of which have engendered a great deal of contro-
versy. Choosing the right methodology, whether it is Test Driven
Development (TDD) or a more traditional code-�rst approach, is a
personal choice and depends on the requirements of a particular
project. However, whatever approach to testing is adopted, SCA�s
reliance on inversion of control makes this process much easier. 

How a programming model facilitates testing is of critical impor-
tance given the impact it has on project costs. As was learned with
EJB, programming models that require complex test setup can be
one of the primary impediments to developer productivity. Tests
that are unnecessarily time-consuming to set up take away from
development time and hinder the code-test-refactor process that is
key to producing good software. 

Moreover, complex setup often leads to poor test coverage, result-
ing in higher costs later in a project�s life cycle. If tests are too com-
plex to write and set up, developers will either avoid doing so or
not be able to create ones that are �ne-grained enough to exercise
all parts of an application. Poor test coverage will inevitably result
in more expensive bug �xing after an application has gone into
production.

As an application enters maintenance mode, poor tests will con-
tinue to incur signi�cant costs. Changes and upgrades will be dif�-
cult to verify and take longer to verify�all of which is to say that
contrary to being relegated to an afterthought, testing strategy
should be at the forefront of project planning. Further, the extent to
which a programming model facilitates or hinders testing will have
a direct impact on how successful it is in fostering productivity and
cost savings.

A comprehensive and cost-effective testing strategy will include
unit, integration, and functional testing. To broadly categorize, unit
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testing involves verifying small �units� of code, in isolation or with
a few collaborating objects. In object-oriented languages, a unit of
code is commonly a class, which may rely on a few other classes
(collaborating objects). Unit tests are run on a developer�s machine
and periodically on dedicated testing servers. Integration testing
involves verifying the interaction of various application �subsys-
tems� and is therefore conducted at a coarser-grained level.
Integration tests are typically run on dedicated testing servers and
not part of the developer build. Functional testing entails an even
broader scope, verifying application behavior based on end-user
scenarios. Like integration tests, functional tests are typically run on
separate testing servers. 

In the days of CORBA and EJB 2.0, even unit testing typically re-
quired deploying and running the components in a container, often
with complex harnesses for setting up required infrastructure. This
quickly proved to be unwieldy as time-consuming testing hindered
fast, iterative development. The dif�culty of conducting ef�cient
testing became one of the major drags on developer productivity
with these earlier frameworks and a hidden source of signi�cant
project cost.

Having learned from this, SCA follows in the footsteps of other IoC
frameworks, most notably Spring, in its approach to unit testing. By
avoiding the use of APIs in all but exceptional circumstances, unit
testing SCA components is trivial: Pick your favorite test harness,
such as JUnit or TestNG, and instantiate them. In other words, veri-
fying behavior is as simple as:

1  CreditService creditService = new 
CreditComponent();
2  int result = creditService.scoreApplicant(applicantID); 
3  // verify the result� 

Unit testing becomes slightly more involved when collaborating
objects are required. Take the LoanComponent from the example
presented in this chapter: It requires a CreditService. One solu-
tion would be to simply instantiate a CreditComponent, as shown
previously, and pass it to the LoanComponent. This, however, can
quickly become unmanageable if the CreditComponent requires
other services, which themselves depend on additional services,
and so on.
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A better solution is to introduce a �mock� for the CreditService.
Mock objects, as they are referred to, mimic speci�c behavior of
real objects and generally have trivial implementations. A mock
CreditService implementation, for example, would always re-
turn a good or bad score. Mocks are manually set on component
implementations by the unit test. Components then call mocks as if
they were reference proxies to real service providers.

Mock Objects and EasyMock

Writing mock objects by hand can be tedious, particularly if only one method is re-
quired for a particular test case. Several mock object generation frameworks have
emerged that automate much of this process. We recommend EasyMock
(http://www.easymock.org) for testing SCA components. The following example
demonstrates testing the LoanComponent using a mock CreditService:

1  CreditScoreService creditService =
EasyMock.createMock(CreditService.class);

2  EasyMock.expect(creditService.scoreApplicant
(EasyMock.isA(String.class))).andReturn(700);

3  EasyMock.replay(creditService);
4  LoanService loanService = new LoanComponent(creditService);
5  // test the loanService�

EasyMock works by �rst creating a mock, recording behavior (that is, the methods
that will be called on it, including parameter and return values), and setting the
mock into replay state before using it. In the previous example:
CreditService creditService = EasyMock.createMock 
�(CreditService.class);

creates the mock service. The expected behavior, a call to the CreditService.
scoreApplicant() with a return value of 700, is then recorded:
EasyMock.expect(creditService.scoreApplicant
�(EasyMock.isA(String.class))).andReturn(700);

Finally, the mock service is placed in replay state:
EasyMock.replay(creditService);

after which it can be passed to the LoanComponent and invoked like the actual
CreditService implementation. At the end of the test run, the unit test can verify
that the mock service has been properly called by through the verify operation:
EasyMock.verify(creditService);
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The ef�ciencies of using mocks with SCA are most evident when
dealing with remotable services. When deployed to production, the
LoanComponent and CreditComponent could be hosted on sepa-
rate JVMs, where the SCA runtime would handle setting up the
appropriate remote communications infrastructure (for example,
web services). In a unit test environment, on a developer machine,
deploying these components to separate containers and setting up
remote communications is cumbersome. It is also unnecessary: The
goal of unit testing the LoanComponent should be to ensure that it
functions properly according to business requirements, not that it
can communicate over a remote protocol to the CreditService.
(The latter would be a goal of integration testing, which veri�es that
parts of a system work together.) 

Investing upfront in a good testing strategy reduces overall project
costs. Building on the lessons learned with CORBA and EJB, SCA
was designed to facilitate ef�cient testing, particularly at the unit
test level. When unit testing SCA components, keep three things in
mind. First, don�t use a container; instantiate component imple-
mentation directly in the test case. Second, use mocks to test com-
ponent implementations in isolation. And if you cannot do one and
two easily, refactor your component implementation because it is
generally a sign of bad design.

Summary
This chapter covered the basics of developing loosely coupled
services using the SCA Java programming model. These included
service contract design, asynchronous communications, and com-
ponent life cycle. Many of these features�particularly asynchro-
nous communications�have their antecedents in integration and
messaging software. The SCA Java programming model provides an
arguably more uni�ed and simpler approach to distributed applica-
tions than its predecessors. In the next chapter, we extend this dis-
cussion to creating conversational services using the Java
programming model.



4

Conversational Interactions
Using Java

The last two chapters covered service-based development using 
the SCA Java programming model. Putting this into practice in
Chapter 3, �Service-Based Development Using Java,� we refactored
the BigBank loan application to re�ect SCA best practices by taking
advantage of loose coupling and asynchronous interactions. In this
chapter, we continue our coverage of the Java programming model,
focusing on building conversational services. 

Conversational Interactions
Services in distributed applications are often designed to be state-
less. In stateless architectures, the runtime does not maintain state
on behalf of a client between operations. Rather, contextual infor-
mation needed by the service to process a request is passed as part
of the invocation parameters. This information may be used by the
service to access additional information required to process a re-
quest in a database or backend system. In the previous chapters,
the BigBank application was designed with stateless services:
LoanService or CreditService use a loan ID as a key to manu-
ally store and retrieve loan application data for processing. 

109
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SCA provides a
number of facilities
for creating stateful
application archi-
tectures.

There are, however, many distributed applications that are designed
around stateful services or could bene�t from stateful services, as
they are easier to write and require less code than stateless designs.
Perhaps the most common example of such a distributed stateful
application is a Java EE-based web application that enables users to
log in and perform operations. The operations�such as �lling a
shopping cart and making a purchase�involve a client and server
code (typically servlets and JSPs) sharing contextual information via
an HTTP session. If a web application had to manage state manu-
ally, as opposed to relying on the session facilities provided by the
servlet container, the amount of code and associated complexity
would increase.

SCA provides a number of facilities for creating stateful application
architectures. In this chapter, we explore how the SCA Java program-
ming model can be used to have the runtime manage and correlate
state so that service implementations do not need to do so in code.
Chapter 10, �Service-Based Development Using BPEL� covers how
to write conversational services using BPEL. 

� Perspective: Conversations and OASIS

The conversational capabilities discussed in this chapter and throughout the book
were de�ned when SCA was part of the OSOA collaboration and incorporated in
the OASIS 1.0 SCA speci�cations. While working on the OASIS 1.1 SCA speci�ca-
tions, several vendors objected to conversations, claiming they were overly com-
plex and dif�cult to implement. We, and others, countered on grounds that
conversational capabilities were a powerful feature and being used extensively in a
number of large-scale systems.
Unfortunately, these arguments failed to persuade the vendors who objected. As a
result, conversational capabilities were deferred from the 1.1 OASIS version of the
SCA speci�cations to a subsequent version.
Fabric3, and possibly other runtimes, will continue to support conversations.
However, as they are not yet part of the latest OASIS standard, there is a risk that
conversations will remain a proprietary feature of speci�c SCA runtimes. 
Hopefully, popular support will in�uence a future version of the OASIS SCA speci�-
cations to accept conversations as an of�cial feature. Until that time, as with all
such proprietary features, there is a trade-off that must be assessed between ease-of-
use and power versus potentially being locked into a speci�c runtime.
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A Conversation
In SCA, a conversation is de�ned as a shared context between a
client and service. For example, the interactions between
LoanComponent and CreditService could be modeled as con-
versational, as shown in Figure 4.1.

In SCA, a conversa-
tion is de�ned as a
shared context
between a client
and service.

Loan Application Component Credit Score Component

Start conversation

apply(..)

Continue

getStatus()

Continue

moreInformation()

End conversation

cancel()

End conversation

result()

Conversation

Figure 4.1 A conversational interaction

The conversation shown in Figure 4.1 has a start operation
(LoanComponent requests a credit check), a series of continuing
operations (get status and request for more information), and two
end operations (cancel or result). 

Conversations in SCA have a number of unique characteristics.
First, in line with loosely coupled interactions, conversations may
last for a brief period of time (for example, milliseconds) or for a
long duration (for example, months). A second characteristic is that
conversations involve shared state between two parties: a client and
a service. In the previous example, the shared context is the loan
applicant information.

The main difference between conversational and stateless interac-
tions is that the latter automatically generate and pass contextual
information for the conversation as part of the messages sent be-
tween the client and service (typically as message headers). With
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conversational interactions, the client does not need to generate the
context information, and neither the client nor the service needs to
�remember� or track this information and send it with each opera-
tion invocation. Runtimes support this by passing a conversation
ID, which is used to correlate contextual information such as the
loan applicant information. This is similar to a session ID in Java EE
web applications, which is passed between a browser and a servlet
container to correlate session information. 

An application may be composed of multiple conversational serv-
ices. How is conversational context shared between clients and
service providers? Before delving into the details of implementing
conversational services, we �rst need to consider how conversa-
tional contexts are created and propagated among multiple services.

In Figure 4.2, Component A acts as a client to the conversational
service offered by Component B, creating a shared conversation
context. As long as the conversation is active, for each invocation A
makes to the service offered by B, a single conversational context is
in effect.

Composite

Component A Component B

Conversation Context

Figure 4.2 A conversation visualized

Because a conversation is between a client and a single service, if
Component A invokes a conversational service offered by a third
component, C, a separate conversational context is created, as
shown in Figure 4.3.
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Figure 4.3 Multiple conversations

It is important to note that conversational context is not propagated
across multiple invocations. If Component A invoked a conversa-
tional service on B, which in turn invoked another conversational
service on C, two conversations would be created, as shown in
Figure 4.4.

Composite

Component A

Conversation Context

Conversation Context

Component C

Component B

Composite

Component A

Conversation Context Conversation Context

Component CComponent B

Figure 4.4 Conversations are not propagated across multiple 
invocations.
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In this situation, although SCA considers there to be two different
conversations, it is likely that the two conversations will have
closely coupled lifetimes. When the conversation between Compo-
nents B and C is complete, Component B will probably also com-
plete its conversation with A. However, this is not always the case,
and there are situations where multiple conversations between B
and C will start and stop during a single conversation between A
and B.

The preceding discussion of conversations may seem somewhat
complex on �rst read. A simple way to grasp conversations is to
remember that a conversation in SCA is always between two parties
(a client and service). If the client or service interacts with another
service, a second conversation is created. 

Conversational Services
In Java, conversational services are declared using the
@Conversational on an interface, as shown in Listing 4.1.

A simple way to
grasp conversations
is to remember that
a conversation in
SCA is always be-
tween two parties
(a client and
service).

Listing 4.1 A Conversational Service

import org.osoa.sca.annotations.Remotable;
import org.osoa.sca.annotations.EndsConversation;
import org.osoa.sca.annotations.Conversational;

@Remotable
@Conversational
public interface CreditService  {

void apply(LoanApplicant applicant);

int getStatus();

@EndsConversation
void cancel();

}

The preceding interface also makes use of the @EndsConversation
annotation. This annotation is used to indicate which service opera-
tion or operations (@EndsConversation may be used on multiple
operations) end a conversation. It is not necessary to use an annota-
tion to mark operations that may start or continue a conversation,
because any operation on a conversational interface will continue
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an existing conversation, if one is underway, or start a conversation
if one is not.

In the previous listing, CreditService.apply(..) is intended to
be used for initiating a conversation, whereas
CreditService.getStatus() and CreditService.cancel()
are intended to be used for already existing conversations (applica-
tions in process). The cancel() will also end the conversation.
After an operation marked with @EndsConversation is invoked
and completes processing, conversational resources such as the
shared context may be cleaned up and removed. A subsequent
invocation of another operation will result in a new conversation
being started.

The fact that the getStatus() and cancel() operations have to
be used only for existing conversations is not captured by an anno-
tation, so it should be noted in the documentation on those meth-
ods. It is up to the application code for those operations to generate
an exception if they are used to start a conversation.

SCA doesn�t de�ne annotations for starting or continuing conversa-
tions because they are really just a special case for more complex
rules regarding which operations should be called before which
other operations. For example, if the loan application service were
more complicated and it included an operation for locking in an
interest rate, that operation would only be legal during certain
phases of the application process. This kind of error needs to be
checked by the application code. SCA only includes the
@EndsConversation annotation because the infrastructure itself
needs to know when the conversation has ended, so that it can free
up the resources that were associated with the conversation.

Implementing Conversational Services
Having covered the key aspects of de�ning a conversational
service, we now turn to implementing one. When writing a conver-
sational service implementation, the �rst decision that needs to be
made is how conversational state is maintained. In SCA, developers
have two options: They can use the state management features
provided as part of SCA, or they can write custom code as part of
the implementation. 
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Conversation-Scoped Implementations
Developers can have the SCA runtime manage conversational state
by declaring an implementation as conversation-scoped. This
works the same way as other scopes�that is, via the use of the
@Scope("CONVERSATION") annotation, as in the extract shown in
Listing 4.2.

Because conversa-
tions exist over
multiple service
invocations, the
runtime will dis-
patch to the same
instance as long as
the conversation
remains active.

Conversation 2

CreditComponent

Credit Component

Client  2

Client 1

3

4

1

2

Instance
1

Instance
2

Instance
1

Request forwarded
to an instance

Request forwarded
to an instanceCreditScoreService.apply(..)

Start conversation

CreditScoreService.getStatus()
Continue conversation

CreditScoreService.apply(..)
Start conversation

CreditScoreService.getStatus()
Continue conversation

Conversation 1

CreditComponent

Figure 4.5 Runtime dispatching to conversation-scoped instances 

Listing 4.2 A Conversation-Scoped Implementation

import org.osoa.sca.annotations.Scope;
@Scope("CONVERSATION")
public class CreditComponent implements CreditService {

//�
}

Conversation-scoped implementations work just like other scopes.
As discussed in Chapter 3, the SCA runtime is responsible for dis-
patching to the correct instance based on the client making the
request. Because conversations exist over multiple service invoca-
tions, the runtime will dispatch to the same instance as long as the
conversation remains active. If multiple clients invoke a conversa-
tional service, the requests will be dispatched to multiple imple-
mentation instances, as illustrated in Figure 4.5.
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Note that by default, a component implementation is considered
conversation-scoped if it implements a conversational interface.
That is, if a service contract is annotated with @Conversational,
the component implementation class does not need to specify
@Scope("CONVERSATION").

Because the runtime handles dispatching to the correct implemen-
tation instance are based on the current conversation, conversation
state can be stored in member variables on the component imple-
mentation. This allows service contracts to avoid having to pass
contextual data as part of the operation parameters. A modi�ed
version of CreditComponent demonstrates the use of conversa-
tional state (see Listing 4.3).

Listing 4.3 Storing Conversational State in Instance Variables 

import org.osoa.sca.annotations.Scope;
@Scope("CONVERSATION")
public class CreditComponent implements CreditService {

private LoanApplicant applicant;
private int status;

public void apply(LoanApplicant applicant){
this.applicant = applicant;

}

int getStatus() {
return status;

}

void cancel() {
String id = applicant.getId();
// cancel the request based on the applicant id for the

�conversation �.
}

}

In this implementation of CreditComponent, the applicant and
status variables are associated with the current conversation and
will be available as long as the conversation remains active. 
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In loosely coupled systems, interactions between clients and conver-
sational services may occur over longer periods of time, perhaps
months. Although SCA says nothing about how conversational in-
stances are maintained, some SCA runtimes may choose to persist
instances to disk or some other form of storage (for example, a data-
base). Persistence may be done to free memory and, more impor-
tantly, provide reliability for conversational services; information
stored in memory may be lost if a hardware failure occurs. Some
runtimes may also allow conversational persistence to be con�g-
ured�for example, disabling it when reliability is not required. As
demonstrated in the previous example, however, how conversational
state is stored is transparent from the perspective of application code.
The developer needs to be aware that only Java serialization and
deserialization may occur between operations of the component.

In loosely coupled
systems, interac-
tions between
clients and conver-
sational services
may occur over
longer periods of
time, perhaps
months.

� Practical Considerations for Conversation-Scoped
Components

When planning to use conversational services, be sure to give special consideration
to the performance and application migration implications these services entail.
Reliable persistence of conversational state may introduce a signi�cant performance
penalty, as state changes must be recorded�for example, to the �le system or a
database. Does a particular conversational service really need to be reliable? Is the
potential for occasional data loss tolerable? If so, you might be able to con�gure
your SCA runtime to use less reliable�and more performant�means for storing
conversational state (for example, in memory).
A second factor to consider is migration. Storing state means that you will need to
handle migration issues in future versions of an application. If the type of state
changes, existing stored state will need to be converted. Otherwise, a strategy for
maintaining two versions of a service until the older state expires will need to be de-
vised. Maintaining coexisting services is not a trivial task. Therefore, it is wise to
plan for future migration and versioning upfront when using conversational services.

Custom State Management
In some situations, implementations may elect to manage state as
opposed to relying on the SCA runtime. This is often done for 
performance reasons or because the conversational state must be
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persisted in a particular way. Implementations that manage their
own state must correlate the current conversation ID with any con-
versation state. This will usually involve obtaining the conversation 
ID and performing a lookup of the conversational state based on
that ID.

In this scenario, the conversation ID is still system-generated, and it
is passed in a message header rather than as a parameter (using
whatever approach to headers is appropriate for the binding being
used). Because of this, the interface is still considered to be conver-
sational. The fact that the conversational state is explicitly retrieved
through application logic, rather than automatically maintained by
the infrastructure, is an implementation detail that does not need to
be visible to the client of the service. The fact that it is conversa-
tional, however, is still visible, because the client needs to know
that a sequence of operations will be correlated to each other with-
out being based on any information from the messages.

The current conversation ID can be obtained through injection via
the @ConversationID annotation. The following version of the
CreditComponent uses the conversation ID to manually store state
using a special ConversationalStorageService. The latter
could store the information in memory using a simple map or per-
sistently using a database (see Listing 4.4).

Listing 4.4 Manually Maintaining Conversational State 

import org.osoa.sca.annotations.Scope;
public class CreditComponent implements CreditService {

private ConversationalStorageService storageService;
private String conversationID;

public CreditComponent(@Reference (name="storageService")
service){

this.storageService = storageService;
}

@ConversationID
public void setConversationID(String id){

this.conversationID = id;
}

public void apply(LoanApplicant applicant){
storageService.storeApplicant(conversationID, applicant);
}

int getStatus() {
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Similar to other injectable SCA-related information, the
@ConversationID annotation may be used on public and pro-
tected �elds or setter methods. 

Expiring Conversations
In loosely coupled systems, conversational services cannot rely on
clients to be well behaved and call an operation marked with
@EndsConversation to signal that conversational resources can be
released. Clients can fail or a network interruption could block an
invocation from reaching its target service. To handle these scenar-
ios, SCA provides mechanisms for expiring a conversation using
the @ConversationAttributes annotation. @Conversation
Attributes is placed on a Java class and can be used to specify a
maximum idle time and maximum age of a conversation. The
maxIdleTime of a conversation de�nes the maximum time that can
pass between operation invocations within a single conversation.
The maxAge of a conversation denotes the maximum time a con-
versation can remain active. If the container is managing conversa-
tional state, it may free resources, including removing
implementation instances, associated with an expired conversation.
In the example shown in Listing 4.5, the maxIdleTime between
invocations in the same conversation is set to 30 days. 

return storageService.getStatus(conversationID);
}

void cancel() {
storageService.removeApplicant(conversationID);
}

}

Listing 4.5 Setting Conversation Expiration Based on Idle Time

import org.osoa.sca.annotations.ConversationAttributes;

@ConversationAttributes(maxIdleTime="30 days")

public class CreditComponent implements CreditService {
//....

}
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Similarly, the example in Listing 4.6 demonstrates setting the
maxAge of a conversation to 30 days.

Conversational serv-
ices can be used in
conjunction with
non-blocking opera-
tions and callbacks 
to create loosely 
coupled interactions
that share state be-
tween the client and
service provider.

Listing 4.6 Setting Conversation Expiration Based on Duration

import org.osoa.sca.annotations.ConversationAttributes;

@ConversationAttributes(maxAge="30 days")

public class CreditComponent implements CreditService {
//....

}

The @ConversationAttributes annotation allows maxAge and
maxIdleTime to be speci�ed in seconds, minutes, hours, days, or
years. The value of the attribute is an integer followed by the scale,
as in �15 minutes.�

Conversational Services and Asynchronous
Interactions
Conversational services can be used in conjunction with non-
blocking operations and callbacks to create loosely coupled inter-
actions that share state between the client and service provider. 

Non-Blocking Invocations
Operations can be made non-blocking on a conversational
service using the @OneWay annotation discussed in Chapter 3
(see Listing 4.7). 

Listing 4.7 Using Conversations with Non-Blocking Operations 

import org.osoa.sca.annotations.Remotable;
import org.osoa.sca.annotations.EndsConversation;
import org.osoa.sca.annotations.Conversational;
import org.osoa.sca.annotations.OneWay;

@Remotable
@Conversational
public interface CreditService  {

@OneWay
void apply(LoanApplicant applicant);
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The preceding example makes the CreditService.apply(..)
and CreditService.cancel() operations non-blocking, where
control is returned immediately to the client, even before the opera-
tion request has been sent to the service provider. This is different
from just having the operation return void without having been
marked with the @OneWay annotation. Without the @OneWay
annotation, the client doesn�t regain control until the operation
completes, so the client developer knows that if the operation re-
turns without throwing an exception, the operation has successfully
completed.

By contrast, a @OneWay operation may not be started until well after
the client program has moved well beyond the place where the
operation had been called. This means that the client cannot as-
sume that the operation has successfully completed, or even that
the operation request has been able to reach the service provider.
Often, in this scenario, it will be advisable to require reliable deliv-
ery of the message so that the request is not lost merely because the
client or the service provider crashes at an inopportune time.
Reliable delivery can be guaranteed by using SCA�s policy intent
mechanism. In this case, the annotation would be @Requires
("ExactlyOnce"). This will constrain the deployer to con�gure
the runtime to use some form of reliable delivery. Policy intents are
described in more detail in Chapter 6, �Policy.�

Using reliable delivery will not, however, help with the fact that the
client code can�t see exceptions that are raised by the @OneWay
operation. When developing these operations, if an error is discov-
ered in the way the client has invoked the service (an invalid 
parameter, for example), the error must be sent back to the client
through the callback interface, which is described in the next 
section.

Without the
@OneWay annota-
tion, the client
developer knows 
if the operation
returns without
throwing an 
exception.

int getStatus();

@OneWay
@EndsConversation
void cancel();

}
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Note that the CreditComponent implementation does not need to
change; if the implementation is conversation-scoped, the SCA
runtime will continue to manage state, even if the invocation is
made in an asynchronous manner.

Callbacks
In addition to non-blocking operations, conversational services
may also be used in conjunction with callbacks. Like operations on
CreditService, callback operations can be annotated with
@EndsConversation. Invoking a callback method marked with
@EndsConversation will end the current conversation started by
the client. Listing 4.8 shows the CreditServiceCallback inter-
face.

In addition to 
non-blocking oper-
ations, conversa-
tional services may
also be used in
conjunction with
callbacks.

Listing 4.8 Using Conversations with Callbacks 

import org.osoa.sca.annotations.Remotable;
import org.osoa.sca.annotations.EndsConversation;
import org.osoa.sca.annotations.Conversational;
import org.osoa.sca.annotations.OneWay;

@Remotable
@Conversational
public interface CreditServiceCallback  {

EmploymentHistory requestMoreInformation();

@OneWay
@EndsConversation
void creditResult(CreditResult result);

}

Accessing the callback from the CreditComponent is no different
than accessing it from a stateless implementation (see Listing 4.9).

Listing 4.9 Accessing a Callback During a Conversation 

import org.osoa.sca.annotations.Scope;
@Scope("CONVERSATION")
public class CreditComponent implements CreditService {

//�
private CreditServiceCallback callback;

@Callback



The advantage to
using stateless
clients is that the
runtime can per-
form a callback
optimization.
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Callbacks to Conversational and Stateless Clients
Perhaps the most common conversational interaction pattern in-
volving callbacks is when both the client and service provider are
conversation-scoped. In this case, callbacks from the service
provider will be dispatched to the originating client instance. This
allows clients and service providers to avoid passing context infor-
mation as service parameters. The CreditComponent in the previ-
ous listing was written with the assumption that the client is
conversational. When CreditServiceCallback is called, only the
credit score result is passed back and not the entire loan applica-
tion. Because the LoanComponent is conversation-scoped, it can
maintain a pointer to the loan application in an instance variable
prior to making the original credit score request and access it when
the callback is received.

Although conversation-scoped clients and service providers are
likely to be the norm when callbacks are used in conversational
interactions, it is possible to have a stateless client and conversa-
tional service provider. We conclude this section with a brief dis-
cussion of this scenario. 

In Figure 4.6, if the original LoanComponent client were stateless,
the callback invocation would most likely be dispatched by the
runtime to a different instance. Figure 4.6 illustrates how callbacks
are dispatched when the client is stateless.

The advantage to using stateless clients is that the runtime can per-
form a callback optimization. Because a callback to a stateless
client does not have to be dispatched to the same client instance
that originated the forward invocation, the runtime can route the
callback to an instance co-located with the service provider. 
Figure 4.7 depicts how this optimization is performed.

Perhaps the most
common conversa-
tional interaction
pattern involving
callbacks is when
both the client and
service provider are
conversation-
scoped.

It is possible to
have a stateless
client and conver-
sational service
provider.

public setCallback(CreditServiceCallback callback) {
this.callback = callback;

}

void apply(LoanApplicant applicant) {
// do some processing�
CreditResult result = //....
callback.creditResult(result);

}

}
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Conversation Propagation
In SCA, conversations are between two parties: a client and service
provider. However, there are situations where it is useful to allow
other services to participate in a conversation. Fabric3 provides the
capability to propagate transactions to other services. 

Fabric3 provides
the capability to
propagate transac-
tions to other 
services.

� Conversation Propagation and SCA

Although not of�cially standardized as part of the SCA speci�cations, the Fabric3
developers felt it important to add conversation propagation as a proprietary feature.
The feature was originally based on a user requirement to share context information
across multiple services. With the standard SCA conversation mechanisms, the only
way to share context information was either to pass it explicitly to other services or
have a single service that performed multiple tasks. The �rst option was ruled out
due to the complexity placed on application code. The second would violate the
principle of separation of concerns, where services should be designed to perform a
single, speci�c task.
Conversation propagation provided a solution to this problem and was raised as an
enhancement request to the SCA speci�cation working group. Unfortunately, it was
rejected as �too complicated.� Whether the feature is too complicated for end users
or vendors to implement in their runtimes, we will leave open for judgment. The up-
shot is that if you plan on using conversation propagation in your application, be
aware that it is speci�c to Fabric3.

Figure 4.8 shows a conversation initiated by an interaction between
Components A and B propagated to C.

When the conversation is propagated, all requests from A to B and
B to C will be dispatched to the same component instances.
Conversational propagation can be enabled on individual compo-
nents (for example, on Components A and B in the preceding
example) or on an entire composite. For simplicity, it is
recommended that conversation propagation be enabled on a per-
composite basis. This is done using the requires attribute in a
composite �le (see Listing 4.10).
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Composite

Component A Component B Component C

Conversation context is propagated
from B to C.

Listing 4.10 Setting Conversation Propagation for a Composite 

<composite xmlns="http://www.osoa.org/xmlns/sca/1.0"
xmlns:f3="http://fabric3.org/xmlns/

sca/1.0"
name="ConversationPropagationComposite"
requires="f3:propagatesConversation">

<component name="A">
<!-- � -->

</component>

<component name="B">
<!-- � -->

</component>

<component name="C">
<!-- � -->

</component>

</composite>

Figure 4.8 Conversation propagation

We haven�t yet discussed what the requires attribute is, and it
may seem a bit strange that it is used instead of setting an attribute
named propagatesConversation to true. In SCA, the requires
attribute is the way to declare a policy�in this case, for a compos-
ite. We will cover policy in Chapter 6, but for now think of the
requires tag as a way to declare that for all components in the
composite, conversation propagation is required to be in effect.
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The other thing to note is the use of the Fabric3 namespace,
http://fabric3.org/xmlns/sca/1.0. Because conversation
propagation is a proprietary Fabric3 feature (we could say �pol-
icy�), it is speci�ed using the Fabric3 namespace.

The lifecycle of a conversation that is propagated to multiple partic-
ipant services is handled in the same way as a two-party conversa-
tion. That is, it can be expired using the @Conversation
Attributes annotation or by calling a method annotated with
@EndsConversation. There are two caveats to note, however,
with multiparty conversations. If using the @Conversation
Attributes, the expiration time is determined by the values set 
on the �rst component starting the conversation. Second,
@EndsConversation should generally be used only on 
services initiating a conversation. In our A-B-C example,
@EndsConversation should be speci�ed on the service contract
for A, or a callback interface implemented by A. Otherwise, if a
conversation is ended on B or C and there is a callback to A, a
conversation expiration error will be raised.

To conclude our discussion of conversation propagation, it is worth
brie�y taking into account the diamond problem. The diamond
problem is when interactions among four or more components
form a �diamond.� For example, Figure 4.9 illustrates A invoking B
and C, which in turn invoke D. 

@EndsConversation
should generally 
only be used on
services initiating
a conversation.

Composite

Component A Component D

Component C

Component B

Figure 4.9 The diamond problem 
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As shown in Figure 4.9, if conversation propagation is enabled for
the composite, when B and C invoke D, they will dispatch to the
same instance of D. Similarly, if D invoked callbacks to B and C,
which in turn invoked a callback to A, the same instance of A
would be called. Finally, if the callback from C to A ended the con-
versation, conversational resources held by the runtime for A, B, C,
and D would be cleaned up. 

Summary
In this chapter, we covered designing and implementing conversa-
tional services. The conversational capabilities provided by SCA
simplify application code by removing the need to pass context
information as service operation parameters and manually manage
state in component implementations. Having concluded the major-
ity of our discussion of the SCA Java programming model, in
Chapter 5, �Composition,� we return to assembling composites and
in particular deal with how to architect application modularity
through the SCA concept of �composition.�
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5

Composition

The last two chapters focused on the SCA programming model; in
this chapter, we take a closer look at how applications are assem-
bled using composites. Here we introduce another key concept,
composition. In short, composition is the capability to build larger
components and services from a series of smaller ones. The power
of composition is that it provides a mechanism for more easily
maintaining and evolving applications over time by making them
more modular. With composition, sets of services encompassing
various functional areas of an application can be more easily
reused, upgraded, replaced, and changed. After working through
this chapter, you will have a solid foundation in how composites
are used to achieve a modular application design. 

Composition
Most modern programming languages and models support some
form of encapsulation. That is, they have constructs for breaking
down parts and isolating them from one another. Modern program-
ming languages and models also have mechanisms for reuse.
Object-oriented languages are often designed around interfaces
and classes, which serve both functions. SCA has services and 
components.
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Composition is the
capability to build
larger components
and services from a
series of smaller
ones.
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Up to this point, we have discussed how services and components
provide reuse and encapsulation in several ways. First, services
provide a way for multiple clients to address and invoke a unit of
code contained in a component. Services also provide encapsula-
tion as they hide implementation details from clients. Component
implementations may be reused multiple times, potentially with
different property values and wiring. 

For many applications, this level of reuse and encapsulation is suf�-
cient. However, as an application becomes more complex and the
number of components grows, the need may arise to encapsulate
sets of components that expose a few services. A credit appraisal
process may be composed of multiple components but needs to
expose only one service to its clients. Here, the fact that the credit
appraisal process is handled by multiple components is an imple-
mentation detail; in the future, these �internal� components and
their wiring may change. 

In addition, as system complexity grows, the need may arise to
reuse not just single components, but sets of components. Perhaps a
group of components together perform an operation such as vali-
dating and persisting an employee record to a database. It would be
bene�cial to reuse this set of components as a single unit across a
number of disparate applications, hiding the details of the compo-
nents from clients. It would also be useful if there were facilities for
making slight con�guration changes to the components as a whole,
rather than modifying the individual components. 

To handle these cases�encapsulation and reuse of multiple, related
components�SCA supports composition, or the capability to 
assemble larger components from smaller ones. SCA does this in 
a very simple but powerful way. Consider the visual representation
of encapsulation shown in Figure 5.1.

The composite contains four components, three of which interact to
provide a service to the fourth. A component that performs credit
scoring may use data validation and auditing components. These
details should be hidden from clients using the credit-scoring
service. A solution to this problem would be to allow components
to be composed from other components like building blocks. We
can modify the previous diagram to include this �composite�
component, as illustrated in Figure 5.2. 
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Figure 5.1 Encapsulating three components

Encapsulate three
components

Composite

Composite

Figure 5.2  A composite component

The composite component encapsulates the three components and
their wires by exposing a single service to clients. SCA takes this a
step further and makes the composite itself a type of component. In
other words, composites are a component implementation type just
like Java, BPEL, or C++. Our earlier diagram can now be
represented as a series of nested components (see Figure 5.3).
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Figure 5.3  Nested composite components

Because composites are just a particular type of component, they
can also be reused like other components. As we explain in the
next sections, composites can have services, references, and prop-
erties that are con�gured in their parent composite. We now look at
how to use a composite as a component implementation. 

The Composite Implementation Type
Suppose the previous credit-scoring function performed by the loan
application involved a multistep process consisting of data valida-
tion, score calculation, and producing an audit record for legal
compliance. This may best be architected using four components:
one that functions as a central coordinator (the CreditComponent)
and delegates to the other services; one that performs data valida-
tion (the ValidationComponent); one that serves as a scoring
engine (the ScoringComponent); and one that writes audit
messages to a log (the AuditingComponent). CreditService
Composite, shown in Listing 5.1, assembles these four
components.

Composite

Composite

Because compos-
ites are just a partic-
ular type of
component, they
can also be reused
like other compo-
nents. Composites
can have services,
references, and
properties that are
con�gured in their
parent composite.
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Listing 5.1 The Credit Service Composite

<composite xmlns="http://www.osoa.org/xmlns/sca/1.0"
targetNamespace="http://www.bigbank.com/xmlns/ loanApplication/1.0"
name=" CreditServiceComposite">

<component name ="CreditComponent">
<implementation.java class="com.bigbank.CreditComponent"/>
<reference name="validationService"

target="ValidationComponent"/>
<reference name="scoringService" target="ScoringComponent"/>

<reference name="auditService" target="AuditingComponent"/>
<component>

<component name ="ValidationComponent">
<implementation.java class="com.bigbank.ValidationComponent"/>

<component>

<component name ="ScoringComponent">
<implementation.java class="com.bigbank.ScoringComponent"/>

<component>

<component name ="AuditingComponent">
<implementation.java class="com.bigbank.AuditingComponent"/>

<component>

</composite>

We could have chosen to include these four components in the
original LoanApplication composite. However, as the applica-
tion grows, that strategy will likely result in a brittle and dif�cult-to-
maintain system. In the future, all or part of the credit-scoring
components may need to be changed. In addition, con�guring all
components in one composite is likely to result in a very unstruc-
tured application that is dif�cult to decipher (not to mention devel-
opers stepping on one another as they modify parts of the single
composite).

Instead, good design suggests that we encapsulate the credit-
scoring function in a composite, which is then used as a compo-
nent by the LoanApplication composite. Figure 5.4 depicts this
visually.
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Figure 5.4 Encapsulating the credit-scoring process

The SCDL in Listing 5.2 con�gures LoanComponent and
CreditComponent.

LoanApplicationComposite

LoanApplication
Component

CreditScoreComponent

Listing 5.2 The Credit Score Composite SCDL

<composite � name="LoanApplication">
<component name ="LoanComponent">

<implementation.java class="com.bigbank.LoanComponent"/>
<component>

<component name ="CreditComponent">
<implementation.composite name="loan:CreditServiceComposite"/>

<component>

</composite>

The key part of the preceding SCDL is the use of the
<implementation.composite> element. This instructs the
SCA runtime to use a composite as the component implementation,
just as if we had speci�ed <implementation.java> or
<implementation.bpel>. However, instead of referencing the
class name, we refer to the fully quali�ed name of the composite
using the �name� attribute. The fully quali�ed name, or QName,
consists of the target namespace and name of the composite. This
is equivalent to specifying the package and class name for Java
implementation types. 
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Service Promotion
The next step in encapsulating the credit-scoring process is to ex-
pose the CreditService from the CreditComposite. Exposing�
or as SCA terms it, promoting�a service in a composite serves two
purposes. It allows other references from outside the composite to
be wired to it. It also provides a mechanism for the service to be
con�gured by the composite using it as an implementation. We
discuss each of these in turn.

Services are promoted using the <service> element in the com-
posite, as demonstrated in the SCDL fragment in Listing 5.3.

Exposing�or as
SCA terms it, pro-
moting�a service
in a composite
serves two pur-
poses. It allows
other references
from outside the
composite to be
wired to it. It also
provides a mecha-
nism for the service
to be con�gured 
by the composite
using it as an 
implementation.

Composite Quali�ed Names

It is worth highlighting one of the subtleties associated with using composite quali�ed
names for <implementation.composite>. Namely, the QName does not need to
correspond to a particular �le location or composite �lename. The QName is only a
logical name. The CreditComposite could be de�ned in a �le named
CreditComposite.composite located in the META-INF directory of a jar contribu-
tion. (Recalling from Chapter 2, �Assembling and Deploying a Composite,� compos-
ites are packaged into contribution archives for deployment.) Or the composite could
be located in some other directory or de�ned in a �le named credit.composite.
Regardless of the �lename or location, the SCA runtime is responsible for mapping
the QName speci�ed in <implementation.composite> to the actual composite
SCDL. This makes assembly less susceptible to breaking during refactoring. The �le-
name or location could change, and the assembly would continue to work. All that
is required is that the QName must uniquely identify one composite within the con-
tribution.
In addition, as we mentioned in Chapter 2 and will discuss in more detail in Chapter 9,
�The Domain,� composites may be reused from other contributions. By referring to
composites using their QName, the client or importing contribution need not be aware
of the internal structure of the contribution providing or exporting the composite.
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The <service> element con�gures a composite service by setting
its name and identifying a service to promote via the promote at-
tribute. In the example, the CreditService provided by the
CreditComponent is promoted. Because the CreditComponent
implements only one service, we could have omitted explicitly
identifying the CreditService and written
promote="CreditComponent".

Wiring to the CreditService provided by the composite is done
like wiring to any other service (see Figure 5.5). 

LoanApplicationComposite

LoanApplication
Component

CreditScoreComponent

Wire

CreditScoreService

Figure 5.5 Wiring to a promoted service

Listing 5.3 Service Promotion 

<composite � name=" CreditServiceComposite">

<service name="CreditService"
promote="CreditComponent/CreditService">

</service>

<component name ="CreditComponent">
�

<component>

�

</composite>
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In SCDL, wiring is done as shown in Listing 5.4.

Listing 5.4 The SCDL for Wiring a Promoted Reference 

<composite � name="LoanApplication">

<component name ="LoanComponent">
<implementation.java class="com.bigbank.LoanComponent"/>
<reference name="creditService" target="CreditComponent"/>

<component>

<component name ="CreditComponent">
<implementation.composite name="loan:CreditServiceComposite"/>

<component>

</composite>

The Performance Implications of Composition

In the primary example for this chapter, we have been demonstrating how to encap-
sulate the credit-scoring function of the BigBank loan application as a composite. By
creating a separate credit-scoring composite and using it as a component, we are
better able to hide the implementation details of the credit-scoring service.
Composition�the process of creating components from composites that in turn as-
semble smaller components�leads to more robust application architectures and
makes applications easier to maintain.
You may be wondering about the runtime performance implications of composition.
Speci�cally, does wiring to a composite service, which promotes a service on a con-
tained component, introduce an extra invocation hop when servicing a request? For
example, when the LoanComponent invokes the CreditService, does the call �ow
�rst to the promoted service on the composite and then to the service on the con-
tained component (as depicted in Figure 5.6)?

The wire de�ned in the previous SCDL connects the
creditService reference of LoanComponent just like any other
component, thereby hiding internal implementation details.
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Figure 5.6 Do promoted services require two hops?

The short answer is that, in a good runtime implementation, there should be ab-
solutely no negative performance impact. This is because the runtime can optimize
away the composite service and connect the two components directly. For example,
Fabric3 will �ow a call directly to the target service, as shown in Figure 5.7.

Figure 5.7 Optimizing the promoted service hop away

Because composite services are optimized away by the SCA runtime, composition
can be used without fear of negatively impacting runtime performance with extra
invocation hops. 

LoanApplicationComposite

LoanApplication
Component

CreditScoreComponent

2

CreditScoreService

1

LoanApplicationComposite

LoanApplication
Component

CreditScoreComponent

CreditScoreService

1

LoanApplicationComposite
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Service Bindings
Composite services have all the characteristics of a component
service, including the capability to be bound to a particular remote
communications transport. In Chapter 2, we described how to ex-
pose the LoanService as a web service via the SCA web services
binding (see Listing 5.5).

Composite services
have all the character-
istics of a component
service, including the
ability to be bound to
a particular remote
communications
transport.

Listing 5.5 Binding a Service as a Web Service Endpoint

<component name="LoanComponent">
<implementation.java class="com.bigbank.LoanComponent"/>
<service name="LoanService ">

<binding.ws/>
</service>

</component>

Binding the LoanService using <binding.ws> instructs the run-
time to make the service available as a web service endpoint for
external clients. 

If BigBank also wanted to expose the CreditService as a web
service endpoint, the corresponding SCDL for the composite com-
ponent would look the same (see Listing 5.6).

Listing 5.6 Binding a Composite Service as a Web Service Endpoint

<component name="CreditComponent">
<implementation.composite name="loan:CreditServiceComposite"/>

<service name="CreditService">
<binding.ws/>

</service>
</component>

Recalling that the CreditComposite promoted the
CreditService from the CreditComponent, look at Listing 5.7.

Listing 5.7 The Promoted Service

<composite � name=" CreditServiceComposite">

<service name="CreditService"
promote="CreditComponent/CreditService">

</service>

<component name ="CreditComponent">
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The SCDL in Listing 5.8 instructs the SCA runtime to bind the
CreditService provided by the CreditComponent as a web
services endpoint. 

SCA also allows bindings to be speci�ed on a promoted service
inside a composite. Instead of specifying <binding.ws> on the
composite component, the prior example could be recast as that
shown in Listing 5.8.

SCA also allows
bindings to be
speci�ed on a
promoted service
inside a composite.

�
<component>

�

</composite>

Listing 5.8 Specifying a Binding on a Promoted Service Inside a Composite

<composite � name="CreditServiceComposite"
targetNamespace="http://www.bigbank.com/xmlns/loanApplication/1.0">

<service name="CreditService"
promote="CreditComponent/CreditService">

<binding.ws/>
</service>

<component name ="CreditComponent">
�

<component>
�

</composite>

The component that uses the composite could be recast, as shown
in Listing 5.9.

Listing 5.9 The Binding Information Is Not Set When Using the Composite from Listing 5.8 

<component name="CreditComponent"    xmlns:loan="
http://www.bigbank.com/xmlns/loanApplication/1.0">

<implementation.composite name="loan:CreditServiceComposite"/> 
</component>
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The SCDL in Listing 5.8 also instructs the SCA runtime to make the
CreditService available as a web service endpoint. However, it
is subtly different than the previous example. Specifying the binding
on a composite service will apply to all uses of the composite. In
contrast, specifying the binding in the component con�guration
will only apply to the speci�c component. For example, if the
CreditComposite were reused several times, multiple
CreditService endpoints would be activated.

Reference Promotion
Components implemented by composites can also have references
that are wired to services. Similar to a composite service, a com-
posite reference is created by promoting the reference of a con-
tained component. The earlier version of the credit score
component contained an auditing component. It is likely that this
auditing capability will be needed by other components and is
therefore a good candidate to be refactored into a generalized
service used by the various loan application composites.
Refactoring the auditing component can be done by moving it to
the parent LoanApplication composite, as shown in Figure 5.8.

Specifying the
binding on a com-
posite service will
apply to all uses of
the composite. In
contrast, specifying
the binding in the
component con�g-
uration will only
apply to the spe-
ci�c component.

Components imple-
mented by compos-
ites can also have
references that are
wired to services.

Figure 5.8 A wired composite reference

Figure 5.8 also demonstrates how reference promotion is used to
wire from a component contained in the credit score component to
the auditing service. In SCDL, reference promotion is done using
the <reference> element (see Listing 5.10).

LoanApplicationComposite

Promoted
Reference

CreditScoreComponent

Audit
Component
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The <reference> entry creates a composite reference that pro-
motes the auditService reference on the CreditComponent.
When the CreditComposite is used as a component implementa-
tion, this reference must be wired to a service as done in the SCDL
in Listing 5.11.

Listing 5.10 Reference Promotion

<composite � name="CreditServiceComposite" 
targetNamespace="http://www.bigbank.com/xmlns/loanApplication/1.0">

<component name ="CreditComponent">
<implementation.java class="com.bigbank.CreditComponent"/>
<reference name="validationService"

target="ValidationComponent"/>
<reference name="scoringService" target="ScoringComponent"/>

<component>

�
<reference name="auditService"

promote="CreditComponent/auditService"/>

</composite>

Listing 5.11 Wiring a Promoted Reference

<composite � name="LoanApplication">

�

<component name ="CreditComponent">
<implementation.composite name="loan:CreditServiceComposite"/>
<reference name="auditService" target="AuditComponent"/>

<component>

<component name ="AuditComponent">
<implementation.java class="com.bigbank.AuditComponent"/>

<component>

</composite>

In a slightly more complex scenario, a promoted reference may be
wired to a promoted service. This is shown in Figure 5.9, which
changes the AuditComponent to be implemented by a composite
containing two components.
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LoanApplicationComposite

CreditScoreComponent

AuditComponent

Listing 5.12 The AuditComposite

<composite � name="AuditComposite">

<service name="AuditService"
promote="AuditComponent/AuditService"/>

<component name ="AuditComponent">
<implementation.java class="com.bigbank.AuditComponent"/>
<reference name="logComponent" target="LogComponent"/>

<component>

<component name ="LogComponent">
<implementation.java class="com.bigbank.LogComponent"/>

<component>

</composite>

Figure 5.9 Wiring from a promoted reference to a promoted service

Take the audit composite SCDL shown in Listing 5.12.

The wiring to the audit service would remain the same as in 
Listing 5.11. The only difference would be the substitution of 
<implementation.composite> for <implementation.java>
(see Listing 5.13).
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