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This paper has two purposes. First, it introduces the SOA Foundation as defined by 
IBM. In this capacity the paper will explain IBM’s view of what Service Oriented 
Architecture is about, and provide a high level description of the architecture with a 
focus on its lifecycle model, logical architecture, programming model, and physical 
architecture. It will go on to provide some insight to the roadmaps for becoming an 
SOA-enable enterprise, and the role of SOA Governance in making SOA operational 
in your enterprise.  

Second, it will guide you to a huge wealth of existing information on SOA, especially 
that in the IBM Libraries for SOA at:  

http://www-128.ibm.com/developerworks/views/webservices/libraryview.jsp?type_by=Articles 
For both purposes this whitepaper is very much targeted at Enterprise Architects, 
Lead Architects and Chief Technology Officers.  

Other papers that complement this one include: 

• "Service-oriented architecture: Programming model and product architecture,"  
D.Ferguson and M.Stockton, IBM Systems Journal, Vol.44 No.4 (2005), 
http://researchweb.watson.ibm.com/journal/sj/444/ferguson.html 

http://www-128.ibm.com/developerworks/views/webservices/libraryview.jsp?type_by=Articles
http://researchweb.watson.ibm.com/journal/sj/444/ferguson.html
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1. Introduction to IBM’s View of SOA 

The primary goal of Service Oriented Architecture (SOA) is to align the 
business world with the world of information technology (IT) in a way that 
makes both more effective. SOA is a bridge that creates a symbiotic and 
synergistic relationship between the two that is more powerful and valuable 
than anything that we’ve experienced in the past. Moreover, SOA is about 
the business results that can be achieved from having better alignment 
between the business and IT. 

SOA starts from the premise that all businesses have a business design. A 
business design describes how that business works – the processes that it 
performs; the organizational structure of the people and finances within that 
business; the business’ near-term and long-term goals and objectives; the 
economic and market influences that affect how that business achieves its 
goals; the rules and policies that condition how the business operates.  Even 
informal business processes are part of the fabric of a business and contribute 
to how the business functions and responds to its customers, opportunities, 
internal and external threats. 

Most businesses have a written form of their high level business plan – the 
high level definition that states the business’ purpose. Few businesses, 
however, have a written form of their business design. Many of those who 
have documented their business design have trouble keeping their design up 
to date with what they actually practice. Business processes evolve as 
businesses respond to shifts in the marketplace, regulations, or product 
innovations; this evolution usually happens without reflecting those changes 
in the formal design of the business.  

However, even if the business design has not been documented, or even if 
what is documented is now obsolete, there is nonetheless a business design 
in effect – the actual set of procedures and goals it practices every day to 
operate within its marketplace. A fundamental premise of SOA is that if the 
business design can be transcribed and maintained there is a tremendous 
potential for leveraging that captured design information.  

Even if the business design is not used to communicate between the business 
and IT organizations, it can nonetheless be a valuable tool to help businesses 
understand what they are doing and how. A company can look at their 
design and begin to realize where there may be opportunities for 
improvement in their business processes, in the relationship between 
participants in the processes, or assumptions – where perhaps processes 
include unnecessary steps, or lack steps that are needed to monitor actual 
market trends or regulatory requirements. The design can be used to justify 
changes in business processes, to gain greater consistency across the 
organization where multiple employees may be responsible for doing the 
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same thing in the company but are currently doing things differently and 
yielding inconsistent results; or it could simply be used to educate new 
employees on how the business operates.  

 

 
Beyond that, however, the business design becomes an essential tool in 
communicating requirements between the business and the IT organization. 
The business can identify those elements of the design that should be 
automated and what within that design should be performed by people, 
creating a blueprint of the information systems that are created to support 
that automation.  

By deriving the information system design from the business design you can 
more easily drive changes into the information system at the rate and pace of 
change in the business design. Furthermore, the information system can be 
used as a catalyst for change in the business design – the information system 
can be used to monitor the state of the business; it can report on how well the 
business is doing in meeting its goals; and can be used to suggest changes in 
the business design to improve its efficiency at achieving those goals.  It is 
from this correspondence that SOA delivers on the promise of more flexible 
businesses through more flexible IT. 

This correspondence is represented as the SOA Lifecycle, in which the 
business process is modeled, assembled, deployed and monitored in an 
iterative manner. This transforms the information system from being one of 
merely a “cost of doing business” to a fundamental tool for enabling a 
business to be more competitive, profitable and responsive to changes in the 
marketplace. 

To achieve this synergistic vision between the business and IT domains we 
need to employ a number of capabilities: 

• a formalism and language for capturing the business design 

Bank

Shared 
Service 

Customer

Bank 2 – “Supplier”

Outsourced
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•  a methodology for translating the business design into a set of 
information system artifacts to implement that design 

• an infrastructure for hosting those implementation artifacts that is as 
flexible as the business itself needs to be to changes in its 
marketplace 

• a place for retaining the correlation between the business design and 
the information system that can be used to identify and fix failures in 
executing on the goals and constraints of the business design 

• a means by which we can manage the system to ensure those goals 
are met.   

These capabilities improve the flow of the business process through SOA 
Lifecycle iterations.  We’ll discuss the lifecycle and elements of the logical 
reference architecture in 2.0, “The SOA Foundation Architecture” below. 

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/newto/  

• http://www-128.ibm.com/developerworks/webservices/library/ws-reuse-soa.html 

1.1. What is a Service in Service-Oriented Architecture? 

We refer to the practice of deriving an information system design from a 
business design as Service-Oriented Architecture.   The business process and 
the tasks from which it is composed can be collectively thought of roughly as 
services.  Thus, the business design is essentially a composition of services 
and the policies and conditions that must be applied to their use which form 
the information system design.  

Nonetheless, one of the most common debates we encounter in the 
discussion of SOA is over the question of “what is a service?” Is it a function 
within my application? Are all application functions services? Does SOA 
include system services? These are all relevant and important questions. 
We’ve also found that coming up with a single, mathematically precise 
definition that applies universally to all situations can be hugely complicated. 
We’ve also found that, in practice, such precision is not necessary to 
achieving value and success from SOA.  

An underlying premise in the application of SOA to information technology 
is the principle of loose coupling – that is, avoiding or at least encapsulating 
temporal, technology and organizational constraints in the information 
system design. This same principle applies also to our definition of service – 
the rules we use to define services in one context may not be applicable in 
another. What is important is that whatever definition we arrive at, it should 
originate from the primary concerns and constraints of that context.  

As a gross generalization, a service is a repeatable task within a business 
process. So, if you can identify your business processes, and within that the 
set of tasks that you perform within the process, then you can claim that the 
tasks are services and the business process is a composition of services. A 

http://www-128.ibm.com/developerworks/webservices/newto/
http://www-128.ibm.com/developerworks/webservices/library/ws-reuse-soa.html
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number of techniques have been devised to help you identify the appropriate 
granularity and construction of services derived from you business design. 
The Service Oriented Modeling and Analysis technique offered by IBM 
Global Services is such an approach.   

However, note that certain tasks can be decomposed into business processes 
in their own right. The order-entry process includes, amongst other things, a 
task to confirm availability of the items being ordered. The confirm-
availability task is itself a business process that includes, for example, the 
tasks of checking the on-hand inventory, verifying the supply pipeline, and 
possibly creating a backorder request and determining its availability. Thus, 
business processes are themselves services; there is a principle of recursive 
decomposition implied in the term service. If taken far enough we could 
easily claim that everything is a service. This, obviously, is not useful – at 
some point treating everything as a service would yield an incredibly 
inefficient over-generalization of the problem space. You should exercise this 
principle of recursive decomposition only to the extent that you legitimately 
need flexibility within your business design. In doing so, we can then ensure 
that the information system manages services to enable flexibility – but only 
to the degree that it is required, knowing that flexibility usually comes with a 
certain overhead that can be avoided where flexibility is not required.  

Thus, from this definition of service, service-orientation is a way of integrating 
your business as a set of linked services. If you can define the services 
(including the business processes that compose services) in each of your 
vertical and horizontal lines-of-business, you can begin to link those LOBs by 
composing their services into larger business processes. Likewise, you can 
decompose the main services of your LOBs into a set of more basic services 
that can then be easily recomposed either to change LOB processes, or to 
interlink your LOBs at a lower level of their capabilities. Similarly, you can 
use the same principles of composition to create links with your business 
partners to both automate those relationships and to gain more efficiency 
from them. One consequence of service orientation is flexibility:  you gain the 
ability to iteratively optimize your business design, unhampered by 
inflexible IT structures.   

A Service-Oriented Architecture, then, is an architectural style for creating an 
Enterprise IT Architecture that exploits the principles of service-
orientation to achieve a tighter relationship between the business and the 
information systems that support the business.  

Finally, an SOA based Enterprise Architecture will yield composite 
applications. A composite application is a set of related and integrated services 
that support a business process built on SOA. You can think of the 
application of satisfying some particular aspect of your business (combining 
both automated and manual processes), but achieved as a composition of 
services and business processes. However, since many of the services 
composed by that application may in fact be reused assets from other 
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composite applications your application may in fact be more of a slice 
through a set of intersecting applications.  

1.2. The Foundation 

What should be clear by now is that SOA is not just about technology. IBM 
views SOA as a holistic relationship between the business and the IT 
organization. SOA encompasses the tools and methodologies for capturing 
business design, and using that design information to help improve the 
business. It also encompasses the tools, programming model and techniques 
for implementing the business design in information systems. It 
encompasses the middleware infrastructure for hosting that implementation. 
SOA encompasses the management of that implementation to ensure 
availability to the business, and to ensure efficient use of resources in the 
execution of that implementation. It encompasses the establishment of who 
has authority and the processes that are used to control changes in the 
business design and its implementation in the information system. And 
ultimately, SOA accelerates the time-to-value for these benefits.  

The SOA Foundation is a comprehensive architecture and set of offerings, 
technologies, and practices that address all of these things about SOA. To 
avoid the connotation that SOA is only about technology we deliberately 
choose not to use the term SOA “Platform”.   

1.3. Evolution of Distributed Systems Technologies 

Shifting our attention now to the technology side of SOA, we should also 
spend some time talking about the evolution of distributed systems 
technologies and its impact on SOA.  

Distributed systems play an essential role within SOA. Most businesses are 
composed of many departments or LOBs that represent islands of thought 
and activity that need to collaborate to achieve the goals of the business. 
Likewise, the services identified within a business design will often show up 
in the information system as a set of independent application functions that 
need to be integrated to implement the service, or that will be composed to 
form higher level services or business processes.  

Given the prominence of distributed computing within an SOA, it is worth 
understanding what works and does not work in distributed system 
technologies.  

First, tightly-coupled distributed systems generally do not work.  Since the 
boundaries of a distributed system often represent corresponding 
boundaries between the organizations responsible for the parts of the 
distributed system, you can not expect that they will all operate with the 
same technology, or version of technology (technology constraint). Chances are 
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that different organizations will make independent decisions about what 
technology to use for the construction and deployment of their part; these 
decisions made over time accrete different hardware and software 
technologies.  

You can not reliably expect that calling a function over a distributed network 
will respond to you in a timely manner (temporal constraint). If nothing else, a 
remote procedure call may be measured in terms of milliseconds to get there 
and back with a response, whereas a local call to that same function may be 
measured in microseconds to respond – three orders of magnitude or more 
in difference between a distributed call and a local call. Beyond that, there is 
a higher chance of running into a system failure over the distributed system 
than in a local address space. There is potential for network failure; the target 
machine may be down; or the function you are calling may be so heavily 
overloaded handling requests from other clients that it could be severely 
delayed in responding to your request. 

Finally, different organizations will often have independent development 
cycles – evolving the parts of the distributed system at different rates 
(organizational constraint). It is easy for one organization to introduce bug-
fixes to their part that will affect behavior that your part depends on. 
Likewise, they may introduce even more severe changes to address new 
requirements that will break your interface to their part.  

In general, you should avoid designing distributed systems  that require 
everyone to use the same technology, that requires each part to respond in a 
fixed time or with extremely low latency, or that requires an rigidly constant 
set of behaviors or interfaces. Having said that, we also recognize that some 
of these constraints are hard to avoid – sometimes you just have to depend 
on certain capability that only one technology offers, or you may be 
mandated by judicial or regulatory requirements to do things a certain way, 
etc. There are degrees of forgiveness in these principles, but the more that 
you are able to adhere to them, the more successful you will be in exploiting 
distributed computing.  

History in the Information Technology industry is littered with examples of 
where distributed computing systems violated (or, more accurately, 
preceded the discovery of!) these principles. SNA, DCE, DCOM and CORBA 
are all examples of distributed computing systems that required that 
everyone use the same technology (or, at least, in the case of CORBA, a 
technology that implemented precisely the same specified syntax and 
semantics) to participate in the distributed integration of parts. Even 
distributed messaging systems, which embrace some aspects of loose 
coupling – such as avoiding temporal and to some extent organizational 
constraints – have tended to also impose technology constraints, requiring all 
of the distributed participants operate with the same underlying messaging 
middleware technology.  

We have, hopefully, learned from these mistakes. SOA very intentionally is 
an evolution of distributed computing building upon the principles of loose 
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coupling and encapsulation. We take deliberate steps to avoid dependence 
on technological, temporal and organizational constraints. We then allow 
you to thoughtfully compromise on those principles to the degree that you 
need to overcome specific limitations in your environment, but then always 
with an eye towards encapsulating those compromises so that they don’t 
create an adverse affect on your use of SOA elsewhere within your business 
design. 

The notion of loose coupling fits well with the premise of deriving your 
information system design from your business design. A significant number 
of business processes are performed, today, by human beings. People are 
inherently loosely coupled in their interactions with other humans and 
machines. We are able to communicate with each other over a variety of 
different technologies. We are, relative to a computer, very slow – that is, we 
generally don’t respond to each other in a predictably reliable fashion or 
with low latency. And we’re pretty good at adapting to changes in behavior, 
semantics, and even syntax. Thus, at the highest levels, activities that 
automate human processes, with their inherent loose coupling as a 
comparison, make for a pretty good approximation for where we can apply 
boundaries in the distributed information system.  

1.4. SOA Value Proposition from Different Perspectives 

Given the breadth of what SOA covers, it is inevitable that SOA will mean 
different things to different people. While we firmly believe there is a 
tremendous value that can come from the alignment of business with IT, we 
do not expect everyone who participates in the SOA-based enterprise 
architecture should know everything about the entire process of achieving 
this alignment. We also believe it is possible to get more specialized and 
incremental value from each aspect of an SOA.  

However, to understand the complete value of SOA you have to look at it 
from different perspectives – from each of the perspectives of the major 
participants in the business-to-IT relationship.   SOA has aspects of both 
evolutionary as well as revolutionary impacts to the business.  There are 
various degrees of adoption of SOA including, for example: 

1. Implementations of individual services in which your business 
experiments on a limited basis with the use of SOA concepts by 
building new service implementations or wrapping existing business 
logic to render those functions as services within the SOA. 

2. Service Integration in which your business composes services through 
business process flows or state machines to implement complex 
business processes. 

3. Enterprise Wide IT Transformation where SOA concepts are exploited 
enterprise wide and pervade the business application deployments. 
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4. On Demand Business Transformation whereby SOA transforms the 
real-world business processes and the business embraces process 
improvements from the real-world domain to the IT domain and 
visa versa. 

The degree of SOA adoption dictates whether the effects of an SOA are 
evolutionary or revolutionary. 

Notwithstanding these different perspectives, we like to think of SOA as a 
‘team sport’ – best played with members from different disciplines working 
together with their respective strengths to achieve a common goal. 

From the perspective of the business, SOA is about modeling the business 
(capturing the business design), and gaining insight from that effort to refine 
the business design. The business analyst and business manager can gain 
value from the model because it gives them a way to identify inefficiencies or 
conflicts in their design that they can improve, and a way of more effectively 
communicating their requirements of the information system to help 
automate that design. Likewise, they can gain value from the intelligence 
(both real-time and mined intelligence) that can be derived from the 
information system about the performance of their business in meeting 
specific goals. The result is increased agility and resilience – the ability to 
respond quickly to changes in the market with updates to the business 
processes that drive the enterprise, and the ability to immediately move 
those changes into the information systems that automate those processes.  

The information systems architect will see SOA as being about two things:  

• SOA describes a style of Enterprise Architecture that structures 
artifacts in the information system as a set of services that can be 
composed to form other services. 

• SOA establishes a set of principles for loose coupling, modularity, 
encapsulation, re-use and composability that will yield  the 
flexibility needed to ensure the information system is able to both 
keep up with the rate of change demanded in the business design, 
and become a leading driver of change to achieve better productivity, 
profitability and competitiveness for the business. 

The systems architect can gain value from SOA by exploiting the tools and 
methodologies offered by SOA for automating the business design that 
remains valuable to the business over time.  

From the perspective of application programmers, SOA is a set of 
programming models and tools for building, accessing and assembling 
services that implement the business design together with a runtime that will 
execute those services efficiently. Programmers gain value from SOA by 
being more productive in creating and re-using software that is more reliable 
and robust in the face of the evolving business design.  

From the perspective of the operations staff, a benefit of SOA is that it 
enables them to implement IT changes incrementally, replacing complex 
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chains of machine and software dependencies with modularized services 
that can be substituted, tailored, modified, and deployed in a granular 
fashion over a virtualized infrastructure.  It makes the IT staff’s work easier 
by dividing software capabilities into units of function.  It provides tools that 
fit the skills, conceptual model, and task that an individual IT worker needs 
to perform, rather than requiring every IT worker to understand everything 
about the distributed system and its implementation. Moreover, SOA 
enables the operations staff to correlate capacity requirements and problem 
determination with the business processes being hosted on the system. From 
this, the operations staff can prioritize their activities to address the issues 
with more relevance and impact to the business. 

There are a number of approaches for creating an SOA-enabled business, but 
many of these approaches come down to forming individual projects to 
address the SOA requirements for different parts of the overall business 
design. We generally recommend that these projects should have specific 
goals, and be formed from a team of individuals with different backgrounds 
ranging from expertise in the business design, to system architecture, to 
software development, to operations management.  

1.5. The Role of the Enterprise Architect 

SOA puts a premium on the role of the Enterprise Architect1 (EA). The 
Enterprise Architect may be a distinct professional, or they might be the 
Chief Technology Officer (CTO) or even the Chief Information Officer (CIO) 
in some organizations. The EA is responsible for spanning between the 
business design and the information system that codifies that design, and 
back. The EA is the human on the bridge between the organizations – not 
only directing traffic over that bridge, but in fact organizing the participants 
and activities on either side to ensure the bridge is used effectively and 
efficiently.  

Metaphors aside, the EA needs to understand the principles, processes, and 
tools used to create a business design. The EA needs to ensure that the right 
skills are being applied appropriately to build a clear and workable model of 
the business design. The EA also needs to understand the methodologies that 
will be used to translate the business design into a derived information 
systems design. They need to understand what assets already exist in the 
information system that implements portions of that design, and the 
techniques for accessing those assets within the overall design. They need to 
understand the programming model that will be used by programmers to 

                                                           

1 Some consulting organizations, including IBM Global Services, also refer to this role as the 
Technical Solution Architect, or at least defines that the Enterprise Architect will have a 
relationship with Solution Architects for delegating the application of the enterprise architecture 
in individual solutions.  
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implement the portions of the business design that need to be created from 
scratch. They need to understand how to structure an information systems 
topology for deploying those assets and the middleware infrastructure that 
will host those assets. Finally, they need to understand how that middleware 
provides support for ensuring resiliency in the face of disruption, protection 
against abuse, and efficient use of resources to assure the affordability of the 
environment.  

The EA is at center stage and needs to orchestrate all of these things to 
ensure a cohesive solution.  In particular, the EA needs to understand and 
drive the architectural decomposition of the business design into a set of 
information system components, and how those will be deployed to the 
operational environment. The EA primarily influences the their organization 
by establishing the global Enterprise Architecture – a set of standards, 
principles and policies that are used to guide and measure the effective use 
of information technology in the construction and deployment of 
applications that implement the business design.  
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The general flow used by an EA is shown in the previous figure. The EA 
starts2 by identifying the set of business processes and business services that 
a given business user will use (consumers of the processes and services).  
Business processes should be treated as compositions of other business 
processes and services and therefore should be decomposed into their 
subordinate sub-processes and services. Services (including business 
processes as services) can then be detailed in service components – converted 
into a detailed set of definition metadata that will describe that service to the 

                                                           
2 This flow describes a top-down approach. Other variations include a bottom-up approach, and 
the more common meet-in-the-middle approach.  
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information system. Services can be aggregated into module assemblies that 
both establish related concerns in the design, as well as begin to establish 
what teams will collaborate to construct an implementation of the related 
services and to define what components may be deployed as a single unit. 
The resulting set of business process definitions, services, and schemas will 
make up the logical architecture of your application. 

The EA then needs to map that logical architecture to a physical architecture 
– relating the components of the application to a set of functional capabilities 
for different concrete component technologies and languages, a topological 
structure to establish points of separation and distance and an assessment of 
the existing legacy inventory to drive an implementation plan. This in turn 
should be conditioned by the non-functional (quality-of-service) requirements 
of the deployment from which the EA can establish which approach for 
integration should be used. The EA should identify the security and integrity 
requirements of the deployment, the flows that need to be monitored, the 
architectural requirements of the data system and, by extension, the needs 
for business intelligence. This should be fitted into the governance model for 
the enterprise.  

This mapping into the physical architecture will culminate with a 
deployment architecture – a definition of the actual hardware, capacity, 
operating system, language, availability, policy and management system 
requirements that will actually be used in the operational system. In some 
cases, the SOA application may compose services hosted in operational 
environments outside of the direct control of the enterprise. In this case, the 
EA may have to negotiate the capacity, service-level-goals, and qualities of 
operational service required by the application.  

The EA may be directly involved in the translation of business design into 
the solution architecture at a project by project basis, or may take a higher 
level role in setting the basic principles, guidance and corporate standards 
that then are used by solution architects in their individual solution projects. 
A lot of this will depend on the size and complexity of your business and 
how much of that complexity shows up in your information systems.  

1.6. The SOA Legacy 

Few businesses ever have the luxury of being able to start their information 
systems from scratch. Chances are that your business has been up and 
running for a while, and furthermore your business has probably already 
been exploiting information systems to automate some portion of the 
business. There is a very good chance that you already have applications that 
implement function that fits into your business design.  

That does not mean you can do without a business design – it just means that 
when you do sit down to model your business design, you will find that the 
business requirements captured in your information system were largely 
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derived from an informal understanding of how the business operates in 
practice; we can call this design-intuition. At best, in most cases, what you will 
find in your information system derives from a formal systems analysis, but 
based on a monolithic understanding of business silos unconcerned with 
business component re-use or horizontal integration across lines of business.  

Formally modeling your business design will either validate the design-
intuition codified in your business applications, or highlight where changes 
need to be made – either in the existing applications or through the inclusion 
of additional application function. Moreover, the business model will 
establish what points of flexibility are needed to help the business be more 
responsive to its existing and future changes. This may result in re-factoring 
existing application function, even if it doesn’t require changing the 
application logic itself.  

In summary, once you embark on enabling the relationship between your 
business and IT organizations, you will in all likelihood find that the 
majority of your business design has already been implemented in one form 
or another in your existing information system. It is really just a matter of 
tapping in to that legacy, plugging it in to the mechanisms that enable that 
legacy to be composed within large business processes, possibly re-factoring 
it to be more re-usable, and then augmenting it to more precisely match the 
requirements of the business design. The SOA Foundation architecture 
embraces legacy as a tremendously valuable asset and deliberately avoids 
requiring that you re-engineer that entire legacy into a new generation of 
technology or language.  

This general principle extends also to heterogeneous standard hosting 
platforms. For example, your production shop may already have 
applications that are hosted on Microsoft, Oracle, BEA, SAP and other 
middleware platforms that already support standard SOA interoperability 
protocols and programming models. In our view the SOA Foundation must 
support the composition of these existing applications and their hosting 
environments in the end-to-end implementation of your business design. 

Having said this, however, we also have to point out that sometimes legacy 
applications are simply not structured for this sort of re-use. Many decisions 
have been made in the past in coding and application designs that have 
resulted in excessively tight interrelationships between business and 
presentation logic, or within the functions of the service. There is very little 
that can be done in these cases to ensure integration within a service-oriented 
architecture other than to suggest re-engineering the application to break out 
the services captured within them.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-odbp11/index.html  

• http://www-128.ibm.com/developerworks/db2/library/techarticle/dm-0507klein/index.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-migrate2soa/index.html  

http://www-128.ibm.com/developerworks/webservices/library/ws-odbp11/index.html
http://www-128.ibm.com/developerworks/db2/library/techarticle/dm-0507klein/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-migrate2soa/index.html
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1.7. Open System Standards 

Information systems are generally highly heterogeneous environments. We 
firmly believe that no vendor (including IBM) should be able to hold 
customers or the industry at large hostage to a proprietary set of APIs or 
interoperability protocols. While certain legacy applications are inherently 
limited due to constraints in their underlying technology assumptions, the 
SOA Foundation architecture leverages a set of industry-wide open systems 
de jure and de facto standards to interconnect that legacy, and as the 
foundation for future investment in information system assets.  

In particular, the SOA Foundation leverages XML standards [XML], the Web 
service standards for WSDL [WSDL], SOAP [SOAP], WS-Security [WS-SEC], 
etc., and the business process definition standard, namely BPEL [BPEL]3. In 
addition, we also exploit the profiles for standard interpretation and 
interoperation defined by the WS-I.org4. IBM is collaborating with other 
vendors to form a standard programming model for service components and 
service data for use within SOA-based applications. We have donated the 
Rational Unified Process to Eclipse to enable open systems collaboration and 
ownership of a common approach to software development.  
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Given the prominence of Web services within the SOA Foundation, it is 
tempting to use the terms Web services and service-oriented architecture as 
synonyms. In fact, as this chapter has stressed, SOA is about much more than 
just Web services. It leverages Web services for heterogeneous standard 

                                                           
3 Note that BPEL is an emerging standard – still being ratified at OASIS through the WSBPEL TC 
(http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=wsbpel) 

4 Web Services Interoperability Organization -- http://www.ws-i.org/  

http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=wsbpel
http://www.ws-i.org/
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interoperability between services hosted by different underlying technology 
platforms, yet attempts to make their use transparent to the rest of the SOA 
Foundation.  

This desire to make Web services transparent is in part driven by the fact that 
interoperation over the wire involves some deep technical issues that we 
believe are mostly just a distraction to the larger concerns of service-
orientation. Few users of the business design, or even business analysts 
creating that design, would know anything about the nuances of the 
protocols used to interconnect services in the information system, let alone 
the specifics of the myriad Web services specifications. In SOA, the focus 
rather belongs on business analysis, business design, and their realization in 
highly flexible, interoperable IT systems. 

We also believe it is the role of the middleware on which services are hosted 
to be responsible for the details of interconnecting and managing 
communication between services – thus simplifying the programming task 
for application developers.  

Finally, given the technical complexities of service interconnectivity, it is 
possible for the Web service specifications to be interpreted to be a technology 
in its own right. Given the SOA principle of loose coupling, we don’t want 
SOA to evidence a strong dependence on any particular technology, not even 
one that is designed to exhibit loose coupling in every other way. And, as we 
indicated earlier, the vast majority of SOA deployments will employ legacy 
application function, hosted by legacy languages and infrastructure. The 
SOA Foundation has to remain adaptable to languages, infrastructure 
technologies, and protocols that do not implement the Web service standards.  

The SOA Foundation leverages open system standards to ensure efficient 
and extensible interoperation between different vendors and hosting 
infrastructures. The Foundation also embraces access to legacy application 
functions hosted in proprietary technology platforms – although this access 
may be somewhat less efficient, extensible or portable depending on the 
coupling constraints assumed by the underlying technology.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/java/library/ws-tip-j2eenet1/index.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-tip-j2eenet2.html  

• http://www-128.ibm.com/developerworks/java/library/ws-tip-j2eenet3/index.html 

• http://www.ws-i.org/deliverables/index.aspx  

2. The SOA Foundation Architecture 

The SOA Foundation architecture can be considered from several angles.  
This overview will examine the lifecycle of SOA, a functional decomposition 

http://www-128.ibm.com/developerworks/java/library/ws-tip-j2eenet1/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-tip-j2eenet2.html
http://www-128.ibm.com/developerworks/java/library/ws-tip-j2eenet3/index.html
http://www.ws-i.org/deliverables/index.aspx
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of the architecture, the programming model, the logical or topology 
architecture, and a special focus on the role of SOA in mobile computing.  

2.1. SOA Lifecycle 

We begin the discussion of the SOA lifecycle with modeling your business 
(capturing your business design) including the key performance indicators of 
your business goals and objectives, translating that model into an 
information system design, deploying that information system, managing 
that deployment, and using the results coming out of that environment to 
identify ways to refine the business design.   It is a premise of the lifecycle 
that feedback is cycled to and from phases in iterative steps of refinement 
and that the model may actually be built using reverse-engineering 
techniques or other means to facilitate the needs of the business.   

 

 
The lifecycle is then layered on a backdrop of a set of governance processes 
that ensure that compliance and operational polices are enforced, and that 
change occurs in a controlled fashion and with appropriate authority as 
envisioned by the business design.  

2.1.1. Model 
Modeling is the process of capturing your business design from an 
understanding of business requirements and objectives and translating that 
into a specification of business processes, goals and assumptions – creating 
an encoded model of your business. As we indicated above, many businesses 
do not go through a formal modeling exercise. Those that do business 
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modeling often capture their design using primitive techniques, such as 
drawing out Visio® diagrams or writing out the prose in a text document.  

However, capturing your business design using a rigorous approach offers 
the potential to gain better insight into your business, by, for example using 
tools to reason about the design and its supporting rational. In particular, we 
can use the model to simulate how your business processes will actually run. 
A sophisticated modeling approach lets you perform “what-if” scenarios that 
reflect your understanding of the actual number of process instances, 
contacts, quantities, incoming traffic, etc. that you may experience in your 
business. The process can then be simulated using those parameters to 
predict the effect that process will have on your business and on your IT 
systems. If you don’t achieve the hoped-for results then you can change your 
process definition to try to improve your results. You can go on to refine 
your processes as you have modeled them to optimize your business 
performance even before ever investing in an implementation of those 
processes. Deep insights of this type are hard to achieve using primitive 
business modeling tools. 

Your model will also capture key performance indicators – business metrics 
that are important measurements of your business. This could include, for 
example, a measure of the new accounts that you have opened in a given 
month. These key performance indicators are input to the assembly of your 
application and later, when the application is in production, collected and 
reported back to you. You will be able to use that information to determine 
how well your business is performing. You can use the correlation between 
your business design in your actual implementation in the information 
system to determine whether bottlenecks in your performance are due to 
limitations in your business design or limitations in the information system 
that automates your design. 

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-design1/  

2.1.2. Assemble 
You can use your business design to communicate with the IT organization – 
to assemble the information system artifacts that will implement the business 
design. The enterprise architect working with the business analyst can begin 
to convert the business design into a set of business process definitions and 
activities deriving the required services from the activity definitions. They 
can work with the software architect to flesh out the design of the services. 

During the process of resolving a design and implementation of your 
modeled business processes and services, you should search your existing 
asset inventories – your legacy programs – to find application components 

                                                           
® Visio is a registered trademark of Microsoft Corporation 

http://www-128.ibm.com/developerworks/webservices/library/ws-soa-design1/
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that already meet your needs. Some application components will fit 
perfectly; some will have to be re-factored; and some will have to be 
augmented to meet the requirements of the design. These existing assets 
should be rendered as services for assembly into composite applications. 

It is also possible that some of the your legacy is so heavily bound into a tight 
relationship with presentation and data logic and other business functions 
that you simply can not extract any re-usable componentry from those 
programs. In these cases you will have to decide whether and how to re-
write these functions as new services, and how to migrate the processes that 
depend on those old programs.  

Any new services required by the business design will have to be created. 
Software developers should use the SOA programming model to create these 
new services. We describe the programming model in section Error! 
Reference source not found.. 

Final assembly includes applying the set of policies and conditions to control 
how your applications operate in your production environment. This might 
include, for example, business and government regulations, but can also 
include critical operational characteristics such as packaging, localization 
constraints, resource dependency, integrity control, and access protection. 

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/websphere/library/techarticles/0511_flurry/0511_flurry.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-enter4/index.html  

2.1.3. Deploy 

The deploy phase of the lifecycle includes a combination of creating the 
hosting environment for your applications and the actual deployment of 
those applications. This includes resolving the application’s resource 
dependencies, operational conditions, capacity requirements, and integrity 
and access constraints. 

A number of concerns are relevant to construction of the hosting 
environment – including the presence of the already existing hosting 
infrastructure supporting legacy applications and pre-existing services. 
Beyond that, you need to consider appropriate platform offerings for hosting 
your user interaction logic, business process flows, business-services, access 
services, and information logic. 

You need to consider the techniques you will employ for ensuring 
availability, reliability, integrity, efficiency, and service ability. We will 
discuss this further in section Error! Reference source not found. “Error! 
Reference source not found.” of the functional architecture, below. 

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-enter1/ 

• http://www-128.ibm.com/developerworks/webservices/library/ws-enter5/index.html 

http://www-128.ibm.com/developerworks/websphere/library/techarticles/0511_flurry/0511_flurry.html
http://www-128.ibm.com/developerworks/webservices/library/ws-soa-enter4/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-soa-enter1/
http://www-128.ibm.com/developerworks/webservices/library/ws-enter5/index.html
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• http://www-128.ibm.com/developerworks/library/ws-soa-enter6/index.html  

2.1.4. Manage 
Turning now to the manage phase of the lifecycle, you need to consider how 
to maintain the operational environment and the policies expressed in the 
assembly of the SOA applications deployed to that environment. This 
includes monitoring performance of service requests and timeliness of 
service responses; maintaining problem logs to detect failures in various 
system components; detecting and localizing those failures; routing work 
around them; recovering work affected by those failures; correcting 
problems; and restoring the operational state of the system.  

The manage phase also includes managing the business model – tuning the 
operational environment to meet the business objectives expressed in the 
business design, and measuring success or failure to meet those objectives. 
SOA is distinguished from other styles of enterprise architecture by its 
correlation between the business design and the software that implements 
that design, and its use of policy to express the operational requirements of 
the business services and processes that codify the business design. The 
manage phase of the lifecycle is directly responsible for ensuring those 
policies are being enforced, and for relating issues with that enforcement 
back to the business design.  

Managing the system also involves performing routine maintenance, 
administering and securing applications, resources and users, and predicting 
future capacity growth to ensure that resources are available when the 
demands of the business call for it.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-sla4/ 

• http://www-306.ibm.com/software/tivoli/products/composite-application-mgr-soa/ 

• http://www-306.ibm.com/software/tivoli/solutions/application-management/  

• http://www-306.ibm.com/software/tivoli/products/prov-mgr/  

• http://www-306.ibm.com/software/tivoli/products/identity-mgr/  

2.1.5. The Lifecycle Flow 

Progression through the lifecycle is not entirely linear. In fact, changes to key 
performance information in the Model phase often need to be fed directly in 
to the Management phase to update the operational environment. 
Constraints in the Deploy phase, such as limiting assumptions about where 
resources are located in the system, may condition some of the Assembly 
phase decisions. And, occasionally, information technology constraints 
established in the Assembly phase will limit the business design created 
during the Model phase – for example, the cost of wide-area wireless 
communication with remote hand held devices may be prohibitive to 
deploying a field force to rural locations and therefore needs to be reflected 
back into the business design. 

http://www-128.ibm.com/developerworks/library/ws-soa-enter6/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-sla4/
http://www-306.ibm.com/software/tivoli/products/composite-application-mgr-soa/
http://www-306.ibm.com/software/tivoli/solutions/application-management/
http://www-306.ibm.com/software/tivoli/products/prov-mgr/
http://www-306.ibm.com/software/tivoli/products/identity-mgr/
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2.2. Logical Architecture Model 

The logical architecture model attempts to decompose the functional 
underpinnings of your application design. You will notice white space 
between architecture elements in our graphical depiction of the logical 
architecture. This was deliberate, not just artistic license – intended to imply 
our emphasis on maintaining a clean separation of concerns. The separation 
enables us to focus attention on the special skills that are required for each 
section of the overall architecture – enabling you to optimize your resources 
to the skills required for a given topic.  This specialization avoids the 
situation that everyone on the team needs to understand everything about 
the entire system to be effective at anything they do in part of it. This should 
lower the cost of training, enable more efficient implementations, and enable 
the construction of tools optimized for specific skill sets.  

The logical architecture model attempts to be comprehensive – spanning all 
of the requirements of the SOA Foundation. We will, however, initially focus 
on the parts depicted in light-blue in the diagram below – the boxes labeled, 
Interaction Services, Process Services, Information Services, Partner Services, 
Business Application Services and Access Services. These are the parts in which 
you will deploy application software to capture the domain logic specific to 
your business design.  

The other parts of the architecture exist to assist the rest of the SOA lifecycle. 
You will use these other parts in the modeling of your business design, 
construction and assembly of your software, deployment of your 
applications, and management of your operational system and the business 
design you have implemented. You may even customize these other parts 
with metadata or software you write to control or optimize those 
environments, but generally not with logic that is specific to your business 
design.   
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Focusing just on the inner, light-blue boxes in the upper row – Interaction 
Services, Process Services and Information Services –you may begin to see a 
familiar pattern. In fact, we retain the traditional delineation between 
presentation logic, business logic and data logic introduced by three-tier 
distributed application architectures and the Model-View-Controller pattern. 
When you further consider Business Application Services as a decomposition 
of Process Services then you begin to see an n-tier distributed system 
architecture emerging from the SOA Foundation. This is no accident. We 
believe the basic principles that argue for a separation of concerns between 
these aspects of an application design still hold within a service-oriented 
architecture, and as such, are explicitly exposed in the architecture. 

Notice also that we refer to all disciplines in this architecture as ‘services’, 
counter to an industry tendency to describe services as though they only 
contain business logic – functionality to perform some specific business 
service in an entirely programmatic fashion. This tendency is leftover from 
scenarios that focused on the use of Web services to describe interactions 
between business partners over the internet.  

We do not limit the use of services in a service-oriented architecture to just 
business logic. We consider that all parts of the application, including 
presentation logic and data logic, are services within the overall business 
design. Interaction and information services have parity with process and 
business services in terms of the general mechanisms for invoking them, 
composing them in a loosely-coupled fashion, applying patterns, templates 
and policies to their structure, and so forth.  
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We treat each of these disciplines distinctly because the skills needed to build 
these service components are unique, the tools used are specialized to those 
unique concerns, and the middleware that hosts these services with differing 
capabilities is subject to different workload characteristics that require each 
area be tuned differently to achieve maximum throughput and resource 
utilization.  

2.2.1. Interaction Services 
Interaction services are about the presentation logic of the business design –
components that support the interaction between applications and end-users. 
Also we recognize that interactions with the external world are not limited to 
just interactions with humans. In some cases, interaction logic orchestrates 
the interface to industrial robots, vehicles, sensors, RFID devices, 
environmental control systems, process control equipment, etc.  

Regardless of to what or whom your service is actually interfacing, every 
external interaction shares one thing in common – the ability to project a 
view of the information system tailored to the specific interaction fidelity, 
frequency of interaction, and presentation composition that best fits the 
needs of the end user or device. The most effective way of presenting 
information to one user to maximize their understanding may not be 
applicable to another user or situation.  The most efficient way of gathering 
input to maximize the productivity of one user may not work for another 
user.  

Interactions may be tailored to role-sensitive contexts – adjusting what is 
seen and the behavior presented to the external world based on who the user 
is, what role they are performing, and where they are in the world. 
Authentication, privilege-selection, and proximity may all be significant to 
what you can do and how.  

2.2.2. Process Services 
Process services include various forms of compositional logic – the most 
notable of which are business process flows and business state machines 
(finite-state machines for business composition).  We consider both kinds of 
composition mechanisms, plus other forms such as business rules and 
decision tree processing, as well as more ad-hoc forms of composition, to be 
equally valid approaches to choreographing service composition. One tends 
to be an inverted form of the other – and tends to be attractive to different 
styles of business design.  

Pick your preference – are you a right-brained thinker or a left-brained 
thinker? Select the abstraction that best expresses how you want to think 
about your implementation of the business design. 

Regardless of your process service abstraction preferences, it is probably true 
that you will find there are cases in your business logic where the process 
control or state transition needs to be conditioned by consulting a table of 
possible values, a set of business conditions, legal constraints or other sets of 
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business rules that have a tight integration with a business.   The rate of 
change, administration requirements and legal control of the logic behind 
these rules dictates that another paradigm should be used to create and 
govern these rules.    

Business rule engines are a way to customize a business process abstraction, 
such that a business check, like isItemTaxable() can be inserted in the 
business logic, and rely on the business rules engine to consult a separately 
managed table of tax rules, which will return whether or not sales tax should 
be applied to the purchase.   This table is not managed by the business logic 
programmer, but rather a business administrator who has the proper 
business authority to do so – thus, separating the concerns of the business 
logic from the rules that govern the logic.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-choreography/index.html 

• M. Linehan, “Enable dynamic behavior changes in business performance management solutions by 
incorporating business rules,” IBM Document No. G507-1054-01 

• http://www-128.ibm.com/developerworks/library/ws-soa-progmodel3/   

2.2.3. Business Application Services 
Business application services implement your core business logic. These are 
service components created specifically as services within a business model 
and that represent the basic building blocks of your business design – 
services that are not decomposable within the business model, but that can 
be composed to form higher level services.  

Often these services will be composed in business processes (such as process 
flows or business state machines). However, these services may also be 
invoked directly by presentation logic in interaction services.  

2.2.4. Information Services 
Information services contain the data logic of your business design. This 
logic exists at two levels.  On the surface, information services provide access 
to the persistent data of your business. This can include query statements for 
retrieving the information you care about or referential integrity checks on 
the information manipulated by these services. These data services are 
available to the business application as services – often constructed with 
specific domain model semantics so that they appear for all intents and 
purposes as business application services.  

Information services at this level incorporates the idea of federating multiple 
data sources – projecting logical views over those multiple sources to render 
a simpler access pattern for the service composition that needs it. 

 

http://www-128.ibm.com/developerworks/webservices/library/ws-choreography/index.html
http://www-128.ibm.com/developerworks/library/ws-soa-progmodel3/
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On another level, information services has its own sub-architecture for 
managing the flow of data across the organization. This is intended to handle 
two important requirements within the information management space – 
data composition, and data flow.  

The first of these is the need to compose information in a way that matches 
the composition of services in the business design. This is somewhat 
analogous to the kind of re-factoring that can occur with legacy applications 
to get them to fit better with the business design. However, it can also go 
deeper than that. It is fairly common practice to separate the database design 
from the application design – this is typically needed to achieve the level of 
performance and scalability required in many enterprise computing 
environments.  

This also means that an application may have to code complex joins across 
the database design (i.e., queries across multiple database tables, possibly 
defined by multiple schema) in order to get the information it needs to 
perform its function. The complexity of these access patterns is exacerbated 
when collecting data needed for a complex composition of business services.  

Even more than this, in a sufficiently large and heterogeneous system, where 
a business process may be composing services from many different parts of 
the information system, there is a good chance that the data for that 
composition will be coming from many different databases and types of data 
systems – some of them relational databases, different database catalogs, file 
systems, XML repositories, etc.  

The second requirement addressed by the information services sub-
architecture is the movement of information from one part of the enterprise 
to another as needed to satisfy its own data flow and lifecycle requirements. 
This may involve the use of Extract-Transform-Load (ETL) mechanisms to 
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process and enrich data in bulk, batch processing activities involved in bulk 
transaction processing, and migrating data from master-data-of-record 
databases to information warehouses that can be used to perform post-
processing and business intelligence and content management functions – 
which in turn are made available to the business application as services.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-ims2/index.html  

2.2.5. Access Services 
Access services are dedicated to integrating legacy applications and 
functions into the service-oriented architecture. This includes simple 
wrapping of those functions and rendering them as services (in the case 
where the existing function is a good match with the semantic requirements 
of the business model in which it will be used), or in more complex cases 
augmenting the logic of the existing function to better meet the needs of the 
business design. In the latter case, the access service may in fact invoke 
multiple legacy functions to achieve the semantic requirements of the service.  

In other architectures we have often referred to these access services as 
adapters. In the SOA Foundation architecture, access services are distinctly 
responsible for rendering these adapters as services so that they can be 
manipulated and composed within business processes like any other service 
component.   

For more information on this topic see:  
• http://www-128.ibm.com/developerworks/webservices/library/ws-buildebay/  

2.2.6. Partner Services 
Partner services capture the semantics of partner interoperability that have a 
direct representation in the business design. This can, for example, include 
the policies and constraints that other businesses must conform to work with 
your business – including business vertical requirements such as the need to 
comform to specific industry message and interchange standards like 
EDIFACT, SWIFT, RosettaNet, etc. It can involve the business logic of 
managing how partners are selected, and which ones are used as a 
preference over others in particular circumstances.  

In some ways partner services are somewhat analogous to interaction 
services – projecting a view of your business to your partners, and 
controlling the interaction with them as an external entity. In other respects, 
partner services are analogous to access services – rendering the capabilities 
of that partner as a service so that those functions can be composed into your 
business processes like any other service.  

http://www-128.ibm.com/developerworks/webservices/library/ws-soa-ims2/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-buildebay/
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2.3. Supporting Elements of the Logical Architecture 

The remaining portions of the logical architecture are directly relevant to the 
SOA Foundation, and in fact may even be aspects that you can contribute 
code to or customize to meet your needs, but generally will not contain 
functional aspects of the business design and the application logic that goes 
directly to implementing that business design. In general, these areas of the 
functional architecture have more to do with the exploitation of information 
technology as a means for implementing the business design. They in effect 
represent information technology concerns within the overall architecture.  

2.3.1. The Enterprise Service Bus 

The enterprise service bus (ESB) is a silent partner in the SOA logical 
architecture. Its presence in the architecture is transparent to the services of 
your SOA application. However, the presence of an ESB is fundamental to 
simplifying the task of invoking services – making the use of services 
wherever they are needed, independent of the details of locating those 
services and transporting service requests across the network to invoke those 
services wherever they reside within your enterprise.  

Access services that wrap existing legacy applications may exist wherever 
that legacy has been deployed – on different servers, in different 
departments, in different data centers. The enterprise service bus simplifies 
the task of incorporating these disparate systems so that you can exploit 
them in your business design.  

We describe the enterprise service bus first and foremost as an architectural 
pattern. In fact, it is possible to construct service buses from a variety of 
different underlying integration technologies. You will see later (when we 
introduce technology products that IBM has also announced) a product 
called the WebSphere Enterprise Service Bus. The announcement of a 
product has caused some confusion as it would appear on the surface that 
IBM has done an about-face to say that the ESB is a now product.   To be 
clear, IBM believes that an enterprise service bus is an architectural pattern.   
WebSphere-ESB is in fact, an ESB-centric product, which facilitates the 
creation of specific instantiations of that pattern. The architecture pattern 
remains valid and is a guiding principle to enable the integration and 
federation of multiple service bus instantiations – which we also believe will 
be required for integrating loosely-coupled services in any large organization. 

 



IBM SOA Foundation – Architecture Overview 
 

SOAFoundation.Architecture.Whitepaper.v1.01.doc Page 31 15 December 2005 

FlexibilityFlexibility

Messaging Backbone

Enterprise Application 
Integration (EAI)

Service Orientated 
Integration

 
 

It is worth noting the historical progression of topological schemes for 
interconnecting services – starting with point-to-point “queued” 
interconnectivity of a mesh network; moving then to the hub-and-spoke 
model for centrally mediating and “brokering” the relationships between 
services; and finally to the “bus” model. The bus model suggests that there is 
no distinct central point of connectivity, but rather introduces the idea that a 
fabric exists that permeates the entire distributed network.  Services can be 
registered into that fabric anywhere in the distributed system, and can be 
located for use anywhere else in the network. The bus assumes the 
responsibility for binding service consumers with service providers as 
needed – resolving their location automatically to achieve an optimal routing 
of requests across the network or to meet the goals of the business or service 
level agreements.  

We believe the bus concept offers greater flexibility over the other models. 
However, we should also point out that the hub-and-spoke model is a 
degenerate form of a bus – one where there is essentially only one logical 
node for mediating the interrelationship between services. Likewise, the 
mesh network is a degenerate form of hub-and-spoke – one where every 
service node may act as an intermediary between other services. In fact, there 
will still be cases where you will want to exploit one of these degenerate 
topological models in cases where your interconnectivity requirements are 
simple. Many enterprises already have both of the queued and brokered 
styles of connectivity models, and the integration of the bus style with those 
legacy topologies will be crucial to the success of SOA deployments in your 
organization. You should select the topological scheme that you need, given 
the relative complexity of your situation.  

Service buses are not just simply about interconnectivity and topology. In a 
loosely-coupled system you may be faced with having to mediate the 
differences that may exist between the services that you are trying to 
compose. It is common, for example, that one service will depend on another 
service, but sometimes that service may not have precisely the same syntax 
or message structure that you assumed in your service implementation. That 
doesn’t mean that the existing service cannot be used; it just means that 
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something has to mediate that relationship – to transform the syntactical or 
even semantic expectations of the service consumer with those of the 
provider.  

Another common situation is that you depend on a particular service, but it 
turns out several providers offer the same service, perhaps with different 
quality of service or cost characteristics. For example, two different credit 
bureaus may offer the same credit enquiry services; however one offers their 
service with deeply discounted fees for subjects with fewer than five credit 
accounts. You may want to selectively route between one service and 
another at different times of the day, for example, to get the best cost benefit 
for your service use.  

The service bus hosts Mediations – logic that may perform message 
transformation, intelligent routing, augmented functionality (such as logging 
or auditing) to enable the interconnectivity of services. In many cases, these 
mediations follow basic, repeatable patterns of intermediation where you can 
instantiate mediation between services merely by customizing a pre-defined 
pattern through metadata properties. In other cases, you may need more 
complex logic.  

Because the bus is a transparent fabric interconnecting services, then by 
extension, the bus also makes hosting mediating logic, and more specifically 
the hosting topology transparent to the service consumers and providers 
which are being mediated.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/websphere/library/techarticles/0509_flurry1/0509_flurry1.html 

• http://www-128.ibm.com/developerworks/websphere/techjournal/0509_reinitz/0509_reinitz.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-esbia/index.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-tip-altdesign4/ 

• http://www-128.ibm.com/developerworks/library/ws-soa-progmodel4/  

2.3.2. Business Innovation and Optimization Services 
These services primarily represent the tools and the metadata structures for 
encoding your business design, including your business policies and 
objectives. Business innovation and optimization is achieved by capturing 
your business design and then introspecting on that design to improve it 
through a combination of iterative refinement and analysis of real-time 
business metrics. 

Business innovation and optimization services exist in the architecture to 
help you capture, encode, analyze and iteratively refine your business design. 
The services also include tools to help you simulate your business design 
and to use those results to predict the effect that design, or changes to that 
design, will have on your business. 

Finally, these services include tools to help you define your key performance 
indicators – that is, those business objectives and general metrics that you 

http://www-128.ibm.com/developerworks/websphere/library/techarticles/0509_flurry1/0509_flurry1.html
http://www-128.ibm.com/developerworks/websphere/techjournal/0509_reinitz/0509_reinitz.html
http://www-128.ibm.com/developerworks/webservices/library/ws-esbia/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-tip-altdesign4/
http://www-128.ibm.com/developerworks/library/ws-soa-progmodel4/
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want to monitor. The services will be linked directly into the information 
system (particularly componentry in the IT service management box) to both 
collect performance metrics coming out of your system as well as to enable 
you to change which metrics are measured as your monitoring needs change. 

Eventually, we expect to be able to analyze these metrics and automatically 
suggest improvements to your business design to better meet your business 
goals and objectives. Meanwhile, capturing them for consideration by 
business executives, business analysts and other human experts obviously 
meets an immediate and long-standing need, and is an incremental step 
toward the ultimate automation and flexibility promised by SOA. 

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-cei/index.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-odbp8/index.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-odbp7/index.html  

2.3.3. Development Services 
Development services encompass the entire suite of architecture tools, 
development tools, visual composition tools, assembly tools, methodologies, 
debugging aids, instrumentation tools, asset repositories, discovery agents, 
and publishing mechanisms needed to construct an SOA based application. 
IBM (and much of the rest of the industry) has lined up their development 
tools around the Eclipse framework. This framework has a built-in 
mechanism for modularizing and plugging-in tool services, thus 
encouraging the construction of the development tools as services following 
many of the same principles promoted by SOA.  

For more information on this topic see: 
• http://www.eclipse.org/  

• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-enter4/index.html  

2.3.4. IT Service Management 
Once your application has been deployed to the information system it needs 
to be managed along with the IT infrastructure on which it is hosted. IT 
service management represents the set of management tools used to monitor 
your service flows, the health of the underlying system, the utilization of 
resources, the identification of outages and bottlenecks, the attainment of 
service goals, the enforcement of administrative policies, and recovery from 
failures.  

Since we can capture the business design as a model, and use that to 
assemble the application services that implement that design, we can capture 
a correlation between the business and the IT system. This correlation, if 
carried into the deployment environment can be used by IT service 
management services to help prioritize the resolution of problems that 
surface in the information system, or to direct the allocation of execution 

http://www-128.ibm.com/developerworks/webservices/library/ws-cei/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-odbp8/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-odbp7/index.html
http://www.eclipse.org/
http://www-128.ibm.com/developerworks/webservices/library/ws-soa-enter4/index.html
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capacity to different parts of the system based on service-level goals that 
have been set against the business design.  

For more information on this topic see:  
• http://www-306.ibm.com/software/tivoli/features/it-serv-mgmt/  

• http://www-128.ibm.com/developerworks/autonomic/library/ac-prism1/ 

• http://www-128.ibm.com/developerworks/webservices/library/ws-sla7/  

• http://www-128.ibm.com/developerworks/webservices/library/specification/ws-mroadmap/  

2.3.5. Infrastructure Services 
Infrastructure services form the core of the information technology 
environment for hosting SOA applications. It is through these services that 
we are able to build a reliable system to provide efficient utilization of 
resources, ensure the integrity of the operational environment, balance 
workload to meet service level objectives, isolate work to avoid interference, 
perform maintenance, secure access to confidential business processes and 
data, and simplify overall administration of the system.  

Infrastructure services virtualize the underlying computing platform and 
resource dependencies. These services are, themselves, built using SOA 
principles – exploiting the characteristics of loose coupling to enable highly 
flexible and composable systems. This enables you to assemble the set of 
capacity and capabilities that are needed to achieve your particular needs.  

All of the core IBM server offerings for constructing an SOA Foundation are 
built from the same infrastructure technologies and execution model – that is, 
the basic assumptions for how the execution environment will work to 
provide a common installation experience, common integrity assumptions, 
common security mechanisms, common approaches to failover, recovery, 
availability, version control, load balancing, policy management, 
serviceability, etc. are all derived from the same underlying implementation 
for all of these products.  

That does not mean that all instances of an SOA Foundation must be derived 
from the same technology. In fact, doing so would violate the fundamental 
presumption of SOA. The IBM SOA Foundation has been designed to 
specifically allow different technologies to be plugged at various layers of the 
system – allowing you to trade-off tight-integration qualities of service with 
the flexibility to pick-and-choose which mix of product technologies are 
appropriate for your business requirements and goals, and to address the 
inevitable heterogeneity of your and your partners’ legacy environments.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/tivoli/library/t-swstam/index.html  

http://www-306.ibm.com/software/tivoli/features/it-serv-mgmt/
http://www-128.ibm.com/developerworks/autonomic/library/ac-prism1/
http://www-128.ibm.com/developerworks/webservices/library/ws-sla7/
http://www-128.ibm.com/developerworks/webservices/library/specification/ws-mroadmap/
http://www-128.ibm.com/developerworks/tivoli/library/t-swstam/index.html
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2.4. SOA Programming Model 

Programming models exist as a set of roles, tasks, languages and coding 
rules used by application programmers for creating software. The SOA 
Programming Model is that set of rules and languages that are relevant to 
task of creating an implementation of your business design. We have 
designed the SOA Programming Model with two goals mind: 

1. The programming model must embrace and accommodate the 
underlying programming languages and concrete application and 
component models which you have already employed in your 
information system. If you use CICS, IMS, MQ, J2EE, .NET, BPEL, 
XML, DB2, Oracle, SAP, etc. in your composed system, the 
programming model for SOA must enable your continued usage of 
these execution environments to preserve your existing business 
investments and skills.  

2. The programming model must mask the differences between these 
languages and environment to the extent possible to both simplify 
the task of programming and to maximize the reuse and 
composability of the SOA applications you create and assemble to 
implement your business design.  

To that end, IBM, in collaboration with industry partners, has introduced a 
high-level abstraction for constructing SOA applications that allows you to 
assemble components without direct knowledge of the underlying 
technologies being used by those components, and customize the 
implementation of components in your system through metadata properties. 
The programming model, further, lets you drill into the unique aspects of the 
specific underlying component language and technologies you use for 
different components, but only when programming at the higher level of 
abstraction no longer gives you the level of detailed control you need for a 
given requirement.  This concept is called progressive disclosure. The 
premise of progressive disclosure is to only expose the complexity (functions 
and concepts) that is needed to accomplish a given task and nothing more, but 
then to also provide the capability to get at those more advanced or complex 
concepts and functions when it is truly necessary.   

The idea is to program to the business and service design – not to the 
technology of the underlying implementation. Your program should be 
about order-entry and customer-credit services – not about J2EE Stateless 
SessionBeans. If it turns out the Stateless SessionBeans are an appropriate 
technology and Java is an appropriate language to use to implement your 
order-entry service, then so be it, but that’s a secondary concern from the 
stand point of programming your SOA application.  

The programming model addresses six main aspects of application design –
user interaction (presentation) logic, control or business logic, information 
(data) logic, composition logic, service interaction…all sitting on a sixth 
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element: the backplane of design and policy metadata from which you can 
derive schema, relationships, data types, and constraints dynamically.  

Three main concepts are fundamental to all six aspects of the programming 
model – that is, services (regardless of whether they are interaction services, 
process services, business application services, information services, access 
services or partner services) are programmed as service components, data is 
exchanged between services as service data, and that services are invoked 
over a service bus.  

• Service Components – a technology and language-neutral 
representation of your services. Whether you are writing 
presentation, business or data logic, your logic will be encapsulated 
within a service component. Service components are the 
fundamental building blocks from which SOA applications are 
assembled. Service components can represent either basic 
application services or service compositions. Service components at 
this level are abstract components, representing the service 
implementation in a common way regardless of the actual 
underlying implementation technology. Nonetheless, even in their 
abstract form, service components have the characteristics of other 
common component technologies – that is, they specify the contract 
that allows them to be hosted in a component container. In this 
regard, it is implied that a service component will be hosted in a 
service container – an equally abstract representation of the 
underlying implementation technology container. 

• Service Data – a language and technology-independent 
representation of the data you send between services to operate on. 
There are several ways of thinking of service data. You can think of it 
as a document that your services exchange – for example, a 
document containing a loan application or a purchase order. You 
might send that document to a credit enquiry service or to a billing 
service, for example. You can also think of the service data as a 
message that you want to send from your service, or that you 
received in your service. Regardless, since the service data has a 
schema, and since you will operate on it in a way that is relevant to 
your business domain, you can also model your service data from 
business objects in your domain.  It must be possible for you to 
exchange data, messages, and/or business objects between services 
no matter what language or technology is used at either end of the 
exchange, and therefore the data itself must be neutral to these 
services – self-describing and marshaled into whatever language 
representation that the services need to operate.  

• Service Bus – the service bus is meant to be entirely transparent to the 
programming model. Nevertheless, its presence is fundamentally 
important to the programming model. Because we can assume that it 
exists, we can ignore the technical issues of interoperation in our 
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service implementations. The existence of other services can be taken 
for granted in our programs, and as such it enables us to ignore the 
details of how services are located in the distributed system, how 
service requests are routed to the right service instance, and how to 
mediate the differences between one service implementation and 
another.  

These three basic concepts – service components, service data, and service 
bus transparency – show up in all aspects of the programming model. We 
will go on now to explain the various parts of the SOA programming model.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-progmodel/index.html  

• http://www-128.ibm.com/developerworks/java/library/ws-sdoarch/index.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-progmodel7/index.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-loosevstrong.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-whyesb/index.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-progmodel4/index.html  

2.4.1. Roles 
The SOA Foundation programming model distinguishes between the 
following roles:  

• The Business Analyst is responsible for knowing the business 
processes contained in the business design and capturing them in a 
model that can be used by the rest of the development team.  Ideally, 
the model is in a form which can be used also to automate those 
processes in the information system. Generally this is done using 
modeling tools.  

The business analyst is a first class member of the development team 
– participating throughout the development cycle to refine and 
optimize the business design and establish its key performance 
indicators.  The analyst later uses that information to refine the 
business design or drive changes in its implementation, and 
ultimately to verify that the IT realization faithfully implements the 
business design. 

• The Integration Specialist is responsible for integrating existing and 
new services, and end-users into the business process definition – 
the service composition components. The specialist will typically use 
visual composition tools and service-bus configuration tools to wire 
abstract service components that comprise the business processes.  

The integration specialist, along with the enterprise architect, will 
also be involved in establishing an approach to satisfying the 
security and QoS requirements of the enterprise when composing 

http://www-128.ibm.com/developerworks/webservices/library/ws-soa-progmodel/index.html
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services from business partners and other service providers outside 
of the enterprise’ operational environment.  

• The Software Architect is responsible for translating the business 
design into a set of software component design specifications for 
implementing the service definitions and business objects called for 
in that design. This may go beyond just defining the services in the 
business – it may go as far as designing the internal workings and 
structure of the actual service components. Building the software 
architecture will also include making decisions about the 
appropriateness of legacy function to that design, and determining 
how to wrapper, extend or re-factor that legacy function to best fit 
the design.  

• The Application Developer is responsible for implementing the design 
for service provided by the software architect. This includes using an 
appropriate language and technology in which to implement the 
services, and following the design for those components to the extent 
those details are provided by the software architect.  

• The Enterprise Developer is a specialist in legacy application functions, 
languages and technologies. The developer is responsible for 
assisting the software architect to identify potential re-use of these 
functions, and in helping determine how best to extend or re-factor 
those functions to enable a better fit with the business design.  

• Overseeing and conducting all of this is the Enterprise Architect – the 
person responsible for ensuring consistency across each role’s tasks, 
in a manner  that balances the creation of a set of implementation 
artifacts representing the business design against the constraints, 
preferences, and legacy capabilities of the operational environment.  

There are other roles that are relevant to the SOA development process and 
are common to most IT organizations. These are more traditional roles, such 
as the data architect and database administrator, deployment administrator, 
support specialist, etc. These roles are not changed significantly by the SOA 
Foundation and therefore we don’t spend time examining them here. They 
are as essential to the overall deployment and operation of the information 
system as they ever were and so their omission from this paper is not 
intended to minimize their significance.  

As with other architectures, the purpose of distinguishing each of the above 
roles is to identify the expectations of responsibility, skills, and tools that are 
relevant to each of these roles. However, differentiating roles may or may 
not require differentiating the individuals who have those roles. Just as each 
of us may juggle between different roles at work and at home, it is likely that 
a single individual may hold multiple roles within the SOA processes, or as 
often a given role may require many individuals to fulfill the role for a large 
organization.  
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Given the potential for an individual to have multiple roles, we have also 
tried to focus on reducing the impact that switching between role contexts 
will have on those individuals. For example, our programming model 
includes support for annotations to enable the programmer to set 
deployment policy in-line with their code and thus avoid having to switch to 
a separate deployment tool for creating this information.  

2.4.2. Tasks 
The tasks of the SOA programming model include:  

• modeling your business design, along with key performance 
indicators 

• transforming that model into a software architecture and, where 
appropriate, using pattern to drive the often-repeated aspects of the 
software design 

• coding the process flows or state machines – usually derived directly 
from the model 

• searching your existing assets for preexisting service 
implementations 

• wrapping or re-factoring existing business function to fit them better 
into the service designs driven from the business model or coding 
any new services needed by that design 

• defining the data and message schemas that will be used or 
exchanged with your services, and any schema transformations at 
either the business or IT level that will be needed to interoperate 
between mismatched services 

• setting control flow and integrity policies on your service definitions, 
and establishing business rules and selection conditions 

• assembling your service modules and wiring your service 
dependencies  

• testing your assemblies and propagating them through the 
deployment lifecycle for test, quality assurance, and delivery 

All of these tasks are steps towards creating a fully functional system.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-agile1/ 

• http://www-128.ibm.com/developerworks/webservices/library/ws-agile2.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-tip-namespace.html  

2.4.3. Languages 

The Service Component Architecture (SCA), which is integral to the 
programming model for SOA, is intentionally language- and technology-

http://www-128.ibm.com/developerworks/webservices/library/ws-agile1/
http://www-128.ibm.com/developerworks/webservices/library/ws-agile2.html
http://www-128.ibm.com/developerworks/webservices/library/ws-tip-namespace.html
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neutral. SCA is designed to enable service composition without regard for 
what language and technology is used to implement components. In fact, 
SCA is designed to accommodate the use of services built in a number of 
languages, including BPEL (Business Process Execution Language), Java, 
COBOL and XML5 (eXtensible Markup Language). Many other languages 
could potentially fit into the SCA, including C++, Fortran, RPG, and any of 
the many contemporary dynamic languages such as PHP, Python, Ruby, and 
so forth.  

The service component should capture the logic that is intended for that 
component within the business design. Components can represent either 
basic business services, or compositions of business services. You should 
select a language for implementing your service component that expresses 
the ideas that you’re trying to capture in your business component. Java is a 
good language for expressing the logic of basic service functions. BPEL is a 
good language for expressing composition of services in the form of a 
process flow, for example. Let the intent of the service component dictate the 
appropriate language to use rather than letting the language dictate the 
constraints of what you can do in the service specification.  

In addition to these programming languages, the SOA programming model 
also makes use of WSDL (Web Services Definition Language) for describing 
service interface, end-point and binding information, and SCDL (Service 
Component Definition Language) for defining the service component that 
implements the service. SCDL expresses important component-level details 
about a service that is not specific to interoperation over Web services 
protocols, and therefore is not captured in WSDL.  

For more information on this topic see:  
• http://www-128.ibm.com/developerworks/opensource/library/os-phpws/  

2.4.4. Coding Rules 
For each of the programming languages supported in the SOA Foundation, 
SCA describes the mapping of the component model into that language, 
including the specific spellings in each language for interoperating with 
other services, and binding to the data exchanges between services.  

The coding rules for the SOA foundation are fairly simple: just code your 
service logic; declare your service dependencies and quality of service 
policies; only invoke services when you can do so safely without temporal 
constraints (or if you cannot then make sure you combine your service 
dependencies in a local module); and finally, exchange data and messages 

                                                           
5 This refers to a number of component types whose primary form of customization is achieved 
through XML. For all intents and purposes the programming language (the language used to 
program the behavior) of these components is XML. This also includes XSLT for programming 
transformation logic for other XML documents. BPEL is, itself, encoded with a specific XML 
schema. 

http://www-128.ibm.com/developerworks/opensource/library/os-phpws/
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with other services using a service data object (SDO). The SCA model uses 
techniques for binding your service dependencies and property values that 
make the coding problem even easier.   

Otherwise, leave the hard technical problems such as distributed system 
integration, lifecycle management, security, transactional recovery, multi-
threading, object caching, trace monitoring, etc. to the SOA Foundation 
middleware to handle for you.  

Other, more detailed rules apply to those cases where you have to delve into 
more advanced and lower-level programming issues. However, you should 
not have to engage at those levels except under rare circumstances.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-whichwsdl/index.html  

The following sections will provide more information about each of the other 
aspects of the programming model.  
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2.4.5. User Interaction 
The User Interaction aspect of the programming model focuses on 
presentation logic. The main architectural construct used within the User 
Interaction aspect is the Model-View-Controller design pattern (sometimes 

http://www-128.ibm.com/developerworks/webservices/library/ws-whichwsdl/index.html
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referred to as Model-2 architecture [MODEL-2]). This is codified in the Java 
language through the combination of JSFs (Java Server Faces), Portlets, and 
XForms.  

WSRP (Web Service Remote Portlets) extend the Portlet component model to 
enable remote distribution of Portlets, and on-the-glass composition through 
declared Portlet properties. The result is the SOA-ification of the portal 
programming model and the exploitation of the SOA principles for loose 
coupling.  

XForms is an interaction component architecture for the electronic-forms 
metaphor – interactions that are centered on the idea of filling in a form on 
the screen. The XForms model includes extension points for rich forms 
editing and forms control processing and ties naturally in to enterprise 
content-management systems.  

Components implemented with the user interaction programming model are 
assembled as interaction services in the logical architecture.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/opensource/library/x-mdxfg2/index.html 

• http://www-128.ibm.com/developerworks/java/library/ws-soa-progmodel5/index.html  

2.4.6. Business Components 
The Business Component programming model enables you to create basic 
business services within your application. The Business Component 
programming model is the SCA programming model for those 
implementation types that are relevant to coding business service 
components. The programming model is normally quite simple – define your 
component, write the business logic, and declare your (security and 
consistency) integrity policies. Any information that comes to you from other 
services should appear to your program as a Service Data Object (SDO), and 
likewise any information that you want to hand to other services should be 
constructed as an SDO. 

Your business component may be invoked either as a result of another 
service making a call on your service – expecting you to perform the 
requested operation and to produce a result back to the caller – or as a result 
of the occurrence of a message (or event) that you’ve declared an interest in. 
Likewise, your service may call other services that you depend on, or you 
may produce one or more messages or events that may be of interest to other 
services. Service calls may be issued either synchronously (where your call is 
blocked until the service responds with a result) or asynchronously (where 
the call is issued and control handed back to you immediately, and then you 
are called back to receive the result).  

The programming model supports both a static, type-safe form of coding as 
well as a more dynamic, un-typed form of programming.  The static coding 
style is safer but requires that you know all of the types for the services you 
use and the data that you exchange with those services. You can declare 

http://www-128.ibm.com/developerworks/opensource/library/x-mdxfg2/index.html
http://www-128.ibm.com/developerworks/java/library/ws-soa-progmodel5/index.html
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those types directly in your program, and use the compiler’s type-checking 
support to ensure you have coded to these types correctly.  

The dynamic model is useful when you either don’t know in advance the 
types associated with the services you will use, or where you want to build a 
service implementation that is highly adaptive to whatever services are 
available to it at runtime. The dynamic coding style uses metadata available 
to your service at runtime to determine the service and data types available 
to it, and uses this information to create or navigate the data structures and 
operations used with services it wants to exploit in that runtime.  

As we’ve stated earlier, the service component architecture that we use for 
this is language and technology-neutral. The most common and pervasive 
support within the IBM offering suite within the business component space 
is for the Java language. We expect more pervasive support for other 
programming languages will surface for business components over time.  

Components constructed with the business component programming model 
are assembled as business application services in the logical architecture.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-progmodel6/index.html 

2.4.7. Composition 
The composition portion of the programming model builds on the basic 
business component programming model – the composition programming 
model is the SCA programming model for those implementation types that 
are relevant to composition. There are several composition approaches, 
including process flow and state machines. Each of these represents a kind of 
service component implementation type and has a corresponding language, 
both based on XML. The implementation language for process flows is BPEL. 
The implementation language for business state machines is the State 
Adaptive Choreography Language (SACL).  

Composition in either of these types of SCA components is achieved by 
defining the logic of the business process primarily in terms of a flow (or 
state transitions) over a set of other services, and then declaring those service 
dependencies. The system will then bind the actual service instances that 
should be used to resolve those dependencies – thus resulting in a 
composition of services.  

Components constructed with the composition programming model are 
assembled as process services in the logical architecture. 

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-progmodel3/index.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-odbp12/index.html  

http://www-128.ibm.com/developerworks/webservices/library/ws-soa-progmodel6/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-soa-progmodel3/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-odbp12/index.html
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2.4.8. Information 
The information programming model is primarily concerned with accessing 
data used within the business process. This is achieved through a merger of 
the SDO and SCA models. The SDO model includes the idea of a data access 
service (DAS).  In fact, these access services are themselves services in the 
spirit of the service component architecture. Their role as a service is 
specifically to provide access to the data for which they are responsible. 

Data access services may surface in the programming model in a generic 
form – leaving it to you to express the specific data that you want to extract 
from the data system and then map that into an entity model that conforms 
to the needs of your business design. Data access services may also take a 
much more tailored form, capturing a much more specific representation 
that is derived directly from your business design and the entities defined 
within that business design – such as a Customer data service: a service that 
explicitly represents itself as providing access to Customer data, for example.  

A lower-level data programming model also exists for the cases where it is 
needed. This is somewhat specialized and so we won’t go into it deeper in 
this paper, but bring it to your attention here so that you can explore these 
details as they become more important to you over time. 

One complication within the information programming space that you have 
to understand is how information that you get from the data system will be 
used. If you get data from the underlying data system with the intent of 
updating it, or passing it around to other services that will update it and give 
it back to put back into the data system, you should acquire the data in a 
disconnected form.   

The SDO design is optimized for disconnected data. Locks on the data are 
released as soon as it is retrieved from the data system. The data is retained 
in the SDO along with change history. In this form, the data can be passed 
around without temporal constraint on the underlying data system. Any 
changes you or other services make to the data are recorded in the change 
history. Later, when returning the data to the data system, it is compared to 
data currently stored there. If the data in the data system has changed since 
when you first got it then the data access service will use an optimistic style 
of processing with the data system to ensure the integrity of the data change.  

However, this comes at some expense – the overhead of maintaining the 
change history in the data objects. The information programming model also 
includes support for cases where you don’t need to ship the data around. If 
you are directly using the data and updating it immediately, or if you do not 
intend to update the data back in the data system, you can use a connected 
form, or at least a form that removes support for change history, in your 
access to the information system.  

Components constructed with the information programming model are 
assembled as information services in the logical architecture. 

For more information on this topic see: 
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• http://www-128.ibm.com/developerworks/websphere/techjournal/0510_peterson/0510_peterson.html 

• http://www-128.ibm.com/developerworks/java/library/ws-bestjdbc2/index.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-progmodel2.html  

2.4.9. Invocation 

The programming model defines two ways for services to interoperate – 
service calls and message exchange.  You call a service when you want it to 
perform one of its functions or return the result of an operation.  A service 
call can be either synchronous (blocking) or asynchronous (using call-backs 
in the service definition to return the results of the call at some later time).  

You exchange a message when you’re more interested in the message itself 
than to whom it is sent or from whom it is received.  The message will go to 
services that registered an interest in that kind of message.  Services can 
register their interest by queue, topic or directly with the producing service.  

Both mechanisms are supported in the SOA programming model, and in 
both cases the programming model makes the details of the distributed 
system transparent to your program. You declare that you depend on a 
service, and you identify which field in your program you will use to refer to 
that service, and then you just start using it. The container is responsible for 
finding your service, based on the service definition, and set the field with a 
reference to that service before you start using it. The same thing is true of 
services called and messages exchanged.  

2.4.10. Design 

We include design in the programming model – not quite in the literal sense; 
although your program design is obviously an important input to the 
programming of your services. Design in the SOA programming model is a 
term relating several aspects that supplement your actual coding of program 
logic.  

The design aspect of the SOA programming model starts with your outer 
service definition – the interface signature of your service; the schema of the 
messages you exchange, including your service data; the dependencies your 
service has on other services; the integrity constraints that are appropriate to 
your implementation assumptions; and the environmental properties used 
within the implementation of your service – all of which are captured as 
metadata declarations associated with your actual coded implementation.  

The design also includes the idea that you can derive services from a service 
template. A service template is a nearly-complete service that captures a 
certain service pattern, and that defines points of variability within that 
service definition. This helps simplify the task of creating new services that 
are very similar to other services – you just take the service template, fill in 
the values for the points of variability that are meaningful to your service, 
and then instantiate the service from that. ESB administrators can readily 

http://www-128.ibm.com/developerworks/websphere/techjournal/0510_peterson/0510_peterson.html
http://www-128.ibm.com/developerworks/java/library/ws-bestjdbc2/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-soa-progmodel2.html
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create mediations from templates using this approach, without using a 
programming language, for example. 

Finally, the design aspect of the SOA programming model covers the idea 
that policies are an integral part of business services and processes. 
Everything we do in the business world tends to be driven and conditioned 
by policies: government policies, local policies, corporate policies, sometimes 
even customer-mandated (your customers, that is) policies. The SOA 
programming model presumes the need to define policies, and to relate these 
to specific service implementations. We expect that you will write your 
service logic in a way that operationalizes a set of policy statements relevant 
to your service function. Some of these policies may only affect how your 
service operates. Some of these policies may affect how other services use 
your service.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-soi/index.html  

2.5. Physical Architecture Model 

The physical architecture model describes the main physical components 
deployed in your operational environment – not literally the physical 
architecture, but a model of the component types and potential relationships 
that you will assemble to describe your own physical architecture.  

2.5.1. Topology 
The physical architecture is centered on the enterprise service bus. The 
presence of an ESB server is a little misleading. While there is a physical ESB 
server, its presence should not be taken to mean that all interconnections of 
services literally flow through that server. The ESB server primarily controls 
the service-bus on-ramps throughout the network, and hosts any inter-
mediations for which it is better suited than service end-points. All service 
requests traverse the bus, even if they don’t actually flow through the ESB 
server. 

 

http://www-128.ibm.com/developerworks/webservices/library/ws-soa-soi/index.html
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The service bus is somewhat open-ended – reaching as far as the network is 
visible, including into the internet to the extent that is how you want to 
configure it. Separate service buses, one (or more) for the intranet and one for 
the internet, bridged with a gateway, is a typical configuration that lets you be 
selective about which services are made visible to the internet.  

The firewall server limits the protocols and ports that are visible from outside 
your intranet. It is common practice to create a de-militarized zone (DMZ) 
with a pair of firewalls surrounding a bastion host that is responsible for 
gatewaying from one protocol or port to another to prevent simple pass-
through attacks.  

The proxy server can serve as this bastion host. It can also cache page 
fragments or other static content to improve efficiency.  It can distribute 
workload, perform bandwidth shaping, throttling, protect against denial of 
service attacks, and perform in-network authentication and credential 
mapping. If you exploit these proxy capabilities to a great extent, you may 
need a dedicated bastion server in addition to a proxy server.  

The portal server hosts your interaction services. The capabilities of the portal 
server range from basic rendering through to aggregation, visual 
composition, and provisioning for high-fidelity (rich interaction) devices 
where the interaction services are propagated onto those devices for local 
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rendering. The portal server may or may not be inside your DMZ depending 
on your security requirements. It is becoming increasingly popular to isolate 
all presentation logic into the DMZ.  

The process server hosts your process services – including both business 
process flows and business state machines. It may also host service 
components that surface legacy application functions within the 
programming model. 

The application server hosts business application services that may be 
composed by business processes or interaction services. The application 
server will also contain a high-speed interconnect directly to data access 
services hosted on the information integration server – needed to support 
fine-grained interaction with the data these services operate on in the data 
system.  

The information integration server hosts data composition services. It also hosts 
the data bus over which ETL flows operate and over which data is 
warehoused, and business intelligence services. 

Enterprise modernization represents any of the remaining environments in 
which classic application hosting environments are being updated to render 
their hosted applications as business services, with visibility over the service 
bus. 

The security server manages the identity management, identity federation, 
authorization management, the auditing system, and other integrity policies 
used by the rest of the SOA Foundation for protecting access to services, and 
to help ensure accountability of business processes.  

The management server is responsible for monitoring the entire IT service 
environment. It monitors end-to-end service flows, health indicators, 
problem events, resource utilization metrics, and capacity trends. The 
management server also administers business application policies, including 
updates to key performance indicators, and aggregates business and high-
level system events to report on business performance trends. The 
management server may act remotely through an agent integrated into each 
of the platforms it is responsible for managing.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/library/ws-soa-enter6/index.html 

• http://www-
128.ibm.com/developerworks/websphere/library/techarticles/0502_ohanlon/0502_ohanlon.html 

• http://www-128.ibm.com/developerworks/java/library/os-ag-wsvs/index.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-enter3/index.html  

2.5.2. Mobile Computing 
A special derivation of the canonical physical architecture model above can 
be found with mobile computing. There are many scenarios where 
significant portions of your SOA application are hosted on a laptop, PDA, 

http://www-128.ibm.com/developerworks/library/ws-soa-enter6/index.html
http://www-
http://www-128.ibm.com/developerworks/java/library/os-ag-wsvs/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-soa-enter3/index.html
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smart-phone or some other personal device which may or may not be 
connected to the data center all of the time, used by employees or agents in 
the field as part of your business design.  

For example, you’re an insurance agent and want to be able to travel to your 
customers’ office or home, or just out into the field to sell policies or to 
process claims. You will use an application provided by your company, but 
need it to run on your laptop so that you can take it with you and operate it 
in the field (often beyond the edge of your company’s premises). We refer to 
this as mobile computing.  

These sorts of applications have many characteristics in common with SOA 
applications that run in the data center. You should be able to use the same 
re-usable components, and same basic programming models to build the 
interaction logic, business services, information services, and even business 
processes that you use elsewhere in your enterprise IT infrastructure.  

These environments have the additional requirement that you be able to 
replicate at least subsets of your application data on to a database in your 
mobile device, including security and business policies; and then be able to 
operate entirely off-line for a period of time; storing up transactions, data 
and updates that occurred during your use of those applications off-line to 
be synchronized with the business data or transactions of record when you 
re-attach to the network.  

In addition, to keep the cost of managing these environments low and ensure 
service consistency, data center-based provisioning systems can 
automatically update device software to relieve end-users of this 
responsibility. 

The SOA Foundation is designed to handle this requirement.  

2.5.3. SOA Management 
SOA Management has two sides:  (a) managing the information system that 
implements your business design and (b) managing the information system’s 
effect on your business. These are subtly distinct but related thoughts. 
Managing the information system is about ensuring the productive and 
efficient use of computing resources – ensuring systems are up and running, 
identifying problems and resolving them, making sure your end-users are 
getting the performance and availability they need, balancing the use of 
these resources to meet your service-level agreements, and so forth – and if it 
weren’t for the relationship to the business design that SOA emphasizes, this 
would be pretty much about the traditional role of system management.   

However, since SOA bridges the business design and an IT implementation 
we can carry from the modeling space, through assembly and into the 
deployed environment, there is a correlation between the business design 
and the information system technologies and resources that map to that 
design. We can use that correlation to execute on a much more informed 
approach to system management – one that draws from and is centered on 
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that correlation. We can deduce from this correlation when and whether a 
problem within the information system is affecting some portion of your 
business. We can narrow in on whether your business goals and objectives 
are being met as efficiently as possible, and if they are not being met whether 
that is due to a constraint in the information system or some more 
fundamental constraint in the business design.  

SOA Management can be thought of in three layers:  

• Business Service Management provides for service level planning, 
business impact monitoring, and prioritization of event management 

• Composite Application Management provides support for securing the 
SOA environment, flow content analysis, end-user response time 
monitoring for service requests, service problem diagnosis, and 
application trace information that you can then pass back to your 
development environment 

• Resource Management enables orchestration, provisioning, 
infrastructure health monitoring, and event automation.  

These three layers of management are integrated by a common 
understanding of the model for service-oriented computing (including built-
in support for the resource types defined by the SOA logical architecture 
model) and a central information model describing the configuration of the 
system and the SOA applications that have been deployed to that 
environment.  

A big part of SOA management includes provisioning the deployment 
environment. Key to this is establishing a user registry, administrative policy 
and procedures, and a configuration scheme that will support the physical 
architecture defined by the Enterprise Architect – matching the physical 
architecture to the policies and procedures for setting and expanding the 
capacity of the system as demand increases for your SOA applications.   

Given the increasing complexity and heterogeneity of information systems in 
general, and given the importance of information systems to operating your 
business, it is essential that information systems be as resilient as possible. 
IBM has, for some time, been espousing the need for autonomic systems – 
the ability for systems to automatically manage themselves; to be self-
configuring, self-healing, self-tuning and self-protecting [MURCH]. 

Autonomic computing becomes even more important in an SOA 
environment. Services are inherently loosely-coupled, logically distributed, 
and highly shared and re-used. A failure in one service could impact many 
other services. However, unlike monolithic systems, there may be a delay 
before these impacts are known – you may not detect a failure until you go to 
use the service. You don’t want to find out about a failure for the first time 
when your business users call you to say they can’t get their job done.   

An SOA infrastructure needs to be able to identify its own problems, and 
automatically initiate processes to fix them – even without having to wait for 
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an administrator to figure that out. These systems need to monitor 
themselves, and automatically adjust resource consumption, queue sizes and 
priorities, degrees of parallelism, and so on, to ensure the resources of the 
system are being used efficiently, and to route around bottlenecks. The 
system needs to automatically reconfigure itself as needed to meet your 
service level objectives. This is important not just because it will reduce your 
administrative overhead, but because humans typically can not respond 
quickly enough to handle the kind of dynamics that occur in business 
marketplaces on a daily, hourly, or even minute-by-minute or second-by-
second basis.  

The typical MAPE-loop (Monitor Analyze Plan, Execute – all performed in a 
context of policies that govern these activities) of autonomic computing 
requires integral support in the SOA runtime infrastructure, tools, and 
management services of the SOA Foundation.  

For more information on this topic see: 
• http://www.thefutureofcomputing.org/Autonom2.pdf 

• http://www-128.ibm.com/developerworks/websphere/techjournal/0509_brown/0509_brown.html 

• http://www-128.ibm.com/developerworks/autonomic/library/ac-architect/index.html  

3. Other Enterprise Architecture Concerns 

3.1. Building a Roadmap for SOA Adoption 

As you can see from this summary the SOA Foundation is quite 
comprehensive. For many it can be intimidating – raising questions like, 
“Where do I start?” “Do I have to implement it all before I can get any value 
out of it?” “How many services are appropriate for my system?” “Do I need 
the buy-in from my business?” “How do I justify the funding for it?” “Can I 
continue to use my traditional funding model to build this one project at a 
time?” 

It is very likely that you will not be able to consume the entirety of the SOA 
Foundation all at once. You will have to prioritize your investments, and if 
your IT department is like most, you will have to demonstrate some 
incremental success in adopting some aspects of this architecture and getting 
a return on that investment before you will be able to convince your business 
to invest in more of the value offered by this architecture.  

We have kept this in mind while formulating this architecture. The 
architecture is incremental in nature. It specifically embraces the idea that the 
majority of your initial services will derive from the existing applications. 
There is a strong separation of concerns between the elements of the logical 

http://www.thefutureofcomputing.org/Autonom2.pdf
http://www-128.ibm.com/developerworks/websphere/techjournal/0509_brown/0509_brown.html
http://www-128.ibm.com/developerworks/autonomic/library/ac-architect/index.html
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architecture model – enabling you to focus on specific areas of the 
architecture, independent of other parts.  

More importantly, you can get incremental value from incremental 
investment. The steps to getting a return on that investment are deliberately 
kept small so that you can evolve into the architecture at your own rate and 
pace and to keep the initial entry costs at a minimum, while deriving 
incremental value and laying the foundation for further improvements. 

The primary business drivers to adopting SOA are usually the easiest to 
determine. We find that customers typically fall into one or more of four 
camps:  

1. Your business organization is undergoing a fundamental business 
transformation – restructuring itself to be more flexible, formally 
defined and responsive to market dynamics. The business  has 
concluded that being more resilient is essential to being productive, 
efficient, competitive, and profitable in the market place. To do so, 
the business will likely conclude it needs a strong alliance with the 
IT organization – the IT systems are key to automating business 
processes and need to exhibit the same level of flexibility as the 
business itself is striving to achieve. [Business led] 

2. Your business organization wants better alignment with their IT 
systems to improve the communication of requirements and an 
understanding of business processes. Business managers and 
analysts want more direct control over the definition and 
customization of business processes automated in the IT system, and 
wants to be more affective at exploiting emerging service automation 
opportunities are partner relationships.  [Business led] 

3. Your IT organization has come to understand the power of SOA and 
the value that could bring the business if properly exploited. In 
essence, the IT organization has a clear understanding of its own 
value in contributing to the business goals and objectives of the 
enterprise, and will be delivering this through a set of projects that 
demonstrate that value. The result will be to make the IT more 
affective at addressing the enterprise’s core business goals – 
positioning the IT organization as a partner in achieving competitive 
differentiation for the business. [IT led] 

4. Your IT organization is striving to improve its own development and 
operational efficiency through higher levels of re-use and modularity. 
This approach is relatively inward looking – gaining value from SOA 
primarily to the IT organization with the side-benefit to the business 
of reducing the time-to-value for new requirements coming from the 
business. [IT led] 

Each of these business drivers are perfectly legitimate, but vary by which 
part of the organization is driving to gain value from SOA, and how deeply 
they must affect their counterparts across the business and IT alignment 
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bridge to achieve their goals for SOA. Within these, you will find 
motivations to reduce time to market, reduce costs, increase revenues, or 
reduce risk and exposure. You will probably find it easy to identify where 
you are in within these categories.  

Another factor in how you approach SOA will depend on your current 
architecture and environment – including how automated your build and 
deployment processes are already, and the degree of heterogeneity in your 
systems. The more automated and rigorous your build and deployment 
processes the easier it will be to make wholesale changes for deploying 
services in place of or in addition to traditional monolithic applications. 
Conversely, if your build and deployment processes tend to be ad hoc you 
will have to educate more of your organization on the tools and techniques 
used to package and assemble a service. On the other hand, the more 
heterogeneous your environment the more you will benefit from accelerating 
the adoption of SOA – exploiting the intrinsic characteristics of assembly 
across loosely-coupled systems to creating these disparate systems, and to 
drive a more uniform model for managing the development, deployment, 
and administration of these systems. 

The degree to which your organization has perceived the value of SOA and 
is willing to introduce horizontal structures to drive integration across 
application groups or lines of business will affect your rate of SOA adoption. 
SOA is a team sport. It is about creating bridges between parties – both within 
your IT organization and between the business and IT organizations. You 
will need executive sponsorship, and you will need some trained skills in (1) 
the role of an Enterprise Architecture – someone who can orchestrate the 
transition from a business design to an IT implementation and its 
deployment– and (2) software architects who can interpret the business 
design into a set of business processes and business services that implement 
that design.  If your organization is not fully ready to adopt SOA, you will 
likely have to evolve towards SOA at a slower pace – building sponsorship, 
confidence in its value and the needed skills to implement SOA as you go.  

Finally, the readiness of your operational environment is another factor 
affecting your pace toward SOA adoption. To fully exploit the advantages of 
SOA your operational environment must accept the idea of analyzing 
problems in the context of the correlation between the IT system and the 
businesses they affect – an outage, an imbalance, a bottleneck, an excessive 
allocation of cost is not just a problem with the information system, it is an 
outage, imbalance, bottleneck or cost to the business processes that depend 
on them.  

Ultimately the roadmap for adopting SOA will have to come from you – 
with a path that is appropriate for you enterprise, its current state, and your 
target goals. You should start be assessing your current situation; the relative 
readiness of your organization and operational environment to incorporate 
SOA principles, and your desire to gain advantage from an SOA type of 
enterprise architecture. You can then use that build a roadmap that covers 
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steps for gaining institutional buy-in, an enterprise architecture that 
embodies SOA principles, an organizational structure for managing SOA-
based projects, and an overall project plan that enables you to incrementally 
evolve that enterprise architecture at a rate and pace that meets your 
business needs.  

A self-assessment tool for helping you determine your readiness for SOA can 
be found on the web at:  

http://www-306.ibm.com/software/info1/websphere/index.jsp?tab=landings/soaassessment.   

IBM also offers professional services engagements to both do a detailed 
analysis of your readiness, and to provide a detailed set of recommendations 
for how to move forward in an evolutionary path that is customized to your 
particular needs.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-simm/index.html 

• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-method1.html 

• http://www-1.ibm.com/services/us/index.wss/itservice/igs/a1002583  

3.2. SOA Governance 

SOA dramatically increases the dynamism of your information system. More 
accurately, it provides a means for you to address the requirements for 
dynamism that most businesses are already facing. The basic tenet of SOA is 
to provide an information system that is responsive to the rate of change 
faced by your business in its markets.  

But that dynamism also brings additional risks – the risk that someone will 
change a business process in a way that is detrimental to the business; that 
someone will change a business process or service that places unexpected 
and excessive demand on the capacity of the information system, either 
crashing the system or having an adverse affect on the other processes also 
being served by the information system; that someone will introduce rogue 
software the siphons critical business information; that someone will change 
the configuration of the system in way that disrupts the business.  

We’ve long recognized the need for governance for controlling the 
introduction of changes to our systems. The need to produce highly flexible 
systems, not to mention the rate and pace at which we’re all expected to 
absorb changes in policy, procedure, technique and technology, are 
threatening to overwhelm all of us. Governance, more than ever, is essential 
to retaining some level of control over this change – to mitigate the risk that 
accelerating change imposes on us. 

Governance, in general, is about establishing who has the authority, and the 
processes they use, to decide what changes will be made. It includes 
establishing the structure of an organization within which those decisions 

http://www-306.ibm.com/software/info1/websphere/index.jsp?tab=landings/soaassessment
http://www-128.ibm.com/developerworks/webservices/library/ws-soa-simm/index.html
http://www-128.ibm.com/developerworks/webservices/library/ws-soa-method1.html
http://www-1.ibm.com/services/us/index.wss/itservice/igs/a1002583
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can be made and enforced, including who will contribute to those decisions. 
As you decompose governance, you will define the processes and sub-
processes for decision making – including the escalation paths for resolving 
conflicting decisions and goals. The governance model should yield a blend 
of policy against which change must conform, a set of guidelines that 
provide some flexibility to respond to special situations, and a set of best 
practices for encouraging behavior that is assured to naturally fit within the 
goals of the governance model. Finally, no process will ever remain valid for 
all future needs – it needs to be constantly updated and improved to address 
whatever economic forces come into play in the future – and for that you 
need to constantly measure the results of your processes to help identify 
where improvements need to be made.  

For more information on this topic see: 
• http://www-128.ibm.com/developerworks/webservices/library/ws-soa-govern/index.html  

http://www-128.ibm.com/developerworks/webservices/library/ws-soa-govern/index.html
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Appendix A: Offerings 

The SOA Foundation is first and foremost about architecture – an 
architecture that embodies the fundamental principles of loose coupling, 
heterogeneous interworking, reuse, and componentization (modularization 
and isolation of concerns in a composable form). We have strived hard to 
express this architecture without regard for products or vendor preference. 
We believe that SOA must embrace an open-industry agenda. The success of 
SOA will be constrained by how well it is adaptable to all of the languages, 
technologies, and platforms in use within your environment, how easily we 
can incorporate business designs from many different industries, and how 
well it enables information systems to automate those business designs and 
integrate with the people involved in the operation of those designs.  That, in 
turn, mandates that we formulate an architecture that is fundamentally 
premised on diversity. 

Nonetheless, we would be remiss if none of this architecture was made 
available in a set of products that instantiate this architecture with at least 
one (or more) languages and technologies. In fact, IBM offers a broad array 
of products that address various aspects of the SOA Foundation. We spend 
this next section describing some of those products and their relationship to 
this architecture.  

A.1 Products 

A.1.1 WebSphere Modeler 
Modeler is targeted at Business 
Analysts to help you capture your 
business design. You can use 
Modeler for documentation and 
compliance purposes – providing 
a visual and textual 
representation of your processes, 
organization, resources, 
collaborations and business 
measurements. You can import 
any static diagrams that you have 

created previously in Microsoft Visio. Modeler includes a simulation tool 
that allows you to analyze your processes and to test how well your 
processes will hold up under different operating assumptions. You can use 
this analysis to refine and optimize your business design.  

Modeler is built on the Eclipse tool framework making it easy for you to 
share information about your business design with other parts of your 
organization and tools. In particular, you can export your design into 
WebSphere Integration Developer and Rational Software Architect so that 
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your application developers can use that as a blueprint for designing process 
flows for automating your business design.  

A.1.2 WebSphere Monitor 
Monitor is the compliment to 
Modeler. It helps you create 
dashboards for visualizing the 
performance of your business 
based on the key performance 
indicators that you identified in 
your business design. You can use 
this to track time, cost and 
resources used within your 
processes. Modeler provides tools 
to let you set situational triggers 
and notifications to bring your 

attention to potential bottlenecks or workload imbalances in your business.  

Ultimately Modeler helps you better understand how your business design 
achieves your business objectives, and provides guidance on how to refine 
and optimize that business design in the case your goals are not being met.  

A.1.3 Rational Software Architect 

Rational Software Architect (RSA) 
is an Eclipse-based development 
tool for modeling your application 
software componentry. RSA 
operates on standard Unified 
Modeling Language (UML) 
notation and semantics for use-
case analysis, class-designs, 
sequence and state diagrams, 
deployment models, etc. It is 
particularly useful for turning the 

output of WebSphere Modeler into service specifications and component 
detailed designs that you can then hand over to software developers for 
implementation.  

RSA has support for plugging in design patterns that help automate 
development and promote re-use. It comes already populated with the 
classic patterns described in Design Patterns: Elements of Resuable Object-
Oriented Software by Erich Gamma, et al [GAMMA].  You can obtain other 
pre-defined patterns or create your own to capture specific design practices 
that you use commonly throughout your software. 

A.1.4 Rational Data Architect 
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Another product in the Rational 
family that is relevant to SOA is 
the Rational Data Architect. This 
tool can help you design schema 
mappings that become 
particularly useful for driving 
message-based transformation 
mediations, for example, in the 
WebSphere Message Broker 
product.   

 

A.1.5 WebSphere Integration Developer 
The WebSphere Integration Developer (WID) is also an Eclipse based tool 
designed to help create business process flows, state machines and business 
rules. WID has full support for the BPEL language, and the extensions to 
BPEL for human tasks that can then be initiated through the process-portal.  

WID also has support for the Service Component Architecture – including a 
wiring editor for assembling service components, for importing service 
interface definitions, and for setting binding policies.  

A.1.6 WebSphere Developer for zSeries 

The WebSphere Developer for zSeries was formerly called WebSphere 
Studio Enterprise Developers (WSED). It is an Eclipse-based tool consistent 
with the rest of the Rational family of development tools, but customized 
specifically to the needs of programming applications to run on zOS.  In 
particular, WebSphere Developer for zSeries includes editors and debuggers 
for COBOL and PL/I, and combines this with the same support for J2EE 
application development that is found in Rational Application Developer. In 
addition, this tool includes support for creating web services in CICS v3.1 
and IMS-TM v9 that can be integrated into your SOA applications.  

A.1.7 Rational Application Developer 
Rational Application Developer (RAD) is an integrated development 
environment for Java programming. RAD, like the rest of the Rational tool 
suite, is based on the Eclipse framework and therefore can be integrated with 
any other Eclipse tool to provide a seamless transition from modeling, to 
architecture, to software development, to debugging, and so forth.  

RAD covers the spectrum from basic Java programming, to Enterprise Java 
programming conforming to J2EE, to Portal Server programming. It has a 
fully integrated debugging tool and a pre-defined unit test environment for 
WebSphere Application Server for creating EJB-based business services.  
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A.1.8 WebSphere Studio Asset Analyzer 
Asset Analyzer can be used to search for and discover existing programming 
assets on your Windows, AIX or zSeries platforms. This can be used to find 
existing programming assets such as COBOL, PL/1, C++, Java, EJB, JSP, 
XML, HTML, CICS, IMS, DB2, WAR or EAR, etc. programs that may contain 
business functions that you want to incorporate into your business design.  

A.1.9 WebSphere Application Server 
WebSphere Application Server (WAS) serves two roles within the SOA 
Foundation. It is the hosting environment for basic SOA business services – 
primarily those implemented with J2EE Enterprise JavaBeans (EJBs). These 
services can be exposed with WSDL and integrated through standard Web 
service protocols and encodings, or can be integrated in a more tightly-
coupled fashion through Remote Method Invocation/InterORB Protocol 
(RMI/IIOP) bindings.  

WAS also serves as the underlying execution platform for WebSphere Portal, 
WebSphere Process Server, WebSphere Enterprise Service Bus, and a variety 
of other offerings within the IBM portfolio. This foundational role enables 
these products to be tightly integrated (albeit hosting a set of loosely-coupled 
service artifacts) with a common approach to installation, clustering, scaling, 
administration, service and security, etc.  

WAS is offered in a variety of flavors – including a very compact and simple 
platform for J2EE applications based on Apache Geronimo, the Community 
Edition (CE);  a standalone, single server application server that supports all 
of the major advanced features of WAS, WebSphere Application Server base 
edition;  a customized variant packaged with tooling and targeted 
specifically at the ISV community that serves the small and medium business 
marketplace, the WebSphere Application Server Express Edition; and a 
scalable version that supports clustering, dynamic failover, and a centralized 
administration model, the WebSphere Application Server Network 
Deployment Edition (ND).  

A.1.10 WebSphere Extended Deployment 
WebSphere Extended Deployment (XD) is an extension to any of the 
WebSphere-foundation offerings – including WebSphere Application Server, 
WebSphere Portal, WebSphere Process Server and WebSphere Enterprise 
Service Bus. XD offers three kinds of extensions – expanding the 
programming model to address high-end computing requirements such as 
batch processing, compute-intensive processing, partitioned parallel 
computing, and distributed object caching; expanding the clustering model 
for any of the hosting environments that run with XD to support server 
consolidation and dynamic workload distribution and resource utilization 
based on real-time demand analysis and goal-oriented service-level policies;  
and expanding the administration model for those same hosting 
environments to deal with large-scale administration concerns such as large 
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numbers of servers, administrators, or resources through visualization 
techniques, filtering and version management.  

A.1.11 DataPower XI50 Integration Appliance 
The DataPower X150 is an 
appliance-based solution to 
handle Web service processing. 
The X150 acts as a router, 
operating on Web service requests 

to perform common message transformation, integration and routing 
functions, and off-loading these from more general purpose hosting 
environments. The appliance-based approach to solving these problems 
significantly simplifies the task of installation and configuration for these 
common functions.  

A.1.12 DataPower XA35 Acceleration Appliance  
The DataPower XA35 is another 
in the line of appliance-based 
solutions. The XA35 is dedicated 
to off-loading XML processing – 
including parsing, schema 

validation, and XSLT-based transformation of XML document. As with the 
X150 and XS40, the appliance nature of the XA35 helps off-load expensive 
processing from general purpose hosting platforms, and simplifies the tasks 
of enabling heavy XML processing requirements. 

A.1.13 DataPower XS40 XML Security Gateway 
The DataPower XS40 is an 
appliance that integrates Tivoli’s 
federated identity, security, and 
directory services into your SOA 
network processing. The XS40 

will invoke Tivoli Federated Identity Management (TFIM) and Tivoli Access 
Management (TAM) services to authenticate and authorize services requests 
before they flow to the hosting servers for the target service. The XS40 
operates on SAML assertions, Liberty federated identities, and basic WS-
Security credentials.  

A.1.14 WebSphere Portal  
The WebSphere Portal is a hosting 
environment for the user 
interaction logic of your SOA 
application. More than that, the 
Portal server provides a platform 
on which multiple service user 
interfaces can be aggregated on a 
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single user page within a layout template defined by the business. This 
provides for a unique combination of structured layout and freedom for end-
users to customize the content they find most important to getting their job 
done.  

In addition, Portlets rendered within the page layout can be configured with 
published properties that when managed through the Portals built-in 
property broker can be used to create visual integration between the services 
rendered by each of those Portlets. In effect, the Portal Server offers the 
enterprise user the ability to form a customized visual composition of 
business services.  

A.1.15 Workplace Collaboration Services 
The Workplace Collaboration 
services further extends the Portal 
experience with a variety of 
collaboration tools for mail, 
calendaring, instant messaging, 
contact lists. These services can be 
combined with other business 
service Portlets to make the SOA 
environment both more dynamic, 
but also more integrated into the 
relationships that business users 
have with their colleagues across 

the enterprise. For example, the user’s organizational structure can be 
captured in the contact list, and used alongside account-servicing business 
services by call-center operators to interact with level-2 supervisors to 
resolve unique customer problems.   

A.1.16 WebSphere Everyplace Deployment 
WebSphere Everyplace Deployment (WED) is literally an application hosting 
environment designed to run in client devices – such as laptops, PDAs and 
smart phones. The WED client has a small footprint to accommodate these 
environments’ memory and disk constraints, and yet supports the core SOA 
programming model for interaction, business component and information 
services. This reduces your skills overhead – enabling you to use the same 
programming skills that are used in your data center-based applications. 
However, the client environment allows you to build applications that can be 
used in the field and disconnected from the main data center.  

WED also provides a data center-based server for provisioning and 
managing these WED clients. By centralizing the provisioning of these clients 
we are able to avoid the cost of ownership issues that plagued the traditional 
client-server model. The server will automatically update the client with 
software updates whenever they are reconnected to the data center. The 
server also handles the synchronization of data with the local data stores on 
the client device, needed to support off-line processing of application 
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information. Any messages generated by the application in the client while it 
was off-line are automatically forwarded to the WED server and then on to 
other interested services from there.  

A.1.17 WebSphere Process Server 

The WebSphere Process Server (WS-PS) is the primary hosting environment 
for business processing. WS-PS includes support for both BPEL based 
process flows as well as business state machines. WS-PS also supports the 
integration of business rules in process and service selection. The Process 
Server is the first product within the IBM suite to offer direct support for the 
Service Component Architecture SOA programming model.  

WS-PS also integrates with WebSphere Portal to deliver process-portal – 
support for human tasks within a business process. Human tasks are defined 
as activities within the process definition that will be carried out by human 
end-users. This includes built-in support for task assignment, pick-lists, 
scheduling and escalation policies in case a task is not processed in a timely 
fashion.  

A.1.18 WebSphere Enterprise Service Bus 
The WebSphere Enterprise Service Bus (WESB) instantiates the enterprise 
service bus architectural pattern – providing for a basic fabric for transparent 
interconnection of services across an enterprise distributed network. The 
WESB server includes support for service bus mediations for attenuating the 
incoherency that may occur between services – including support for 
transformation of service requests, content based routing and constructing 
side-logging for auditing or traceability purposes.  

WESB is optimized to operate on service requests that have been bound 
using SOAP encodings and context processing semantics. It supports a 
variety of binding transports, including HTTP, the default embedded JMS 
message provider in WebSphere Application Server, and WebSphere MQ.   

A.1.19 WebSphere Message Broker 

The WebSphere Message Broker (WMB) extends the enterprise service bus 
capabilities of WESB by providing support for message transformation 
support for non-XML message types such AL3, HL7, Swift, HIPAA, EDI, etc. 
WMB provides optional support for DataStage TX for complex message 
transformations. It also has built-in support to help you implement complex 
event processing without programming.  

WMB has its roots in message-based integration – a form of business 
composition and hub-centered mediation that predated the latest standards 
for SOA. While it is reasonable to think of WMB as extending the capabilities 
of WESB, most often it will be appropriate to use them together in a bridged 
interconnection – leveraging the abilities of WMB to provide interconnection 
with non-XML based services, native interconnectivity with CICS and IMS, 
and for those cases where you need complex event processing and 
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transformation, and then using WESB to optimize your interconnectivity 
between XML and standard SOA-based services.  

A.1.20 WebSphere Information Integration 
The WebSphere Information Integration (WII) server is design specifically to 
enable information integration services as defined by the SOA Foundation. It 
provides composition of data from a variety of underlying data sources – 
enabling you to compose views on data that match the information needs of 
our composed business services. WII can be used to build views, set import 
and caching strategies, and virtualize the schema of multiple, heterogeneous 
data systems into a homogenized relational type system. For example, you 
can combine data from IMS DL/I, VSAM, DB2 and Oracle databases to build 
a view on that joined data that appears to your application as though it is all 
coming from a single relational database.  

A.1.21 WebSphere Customer Center 
WebSphere Customer Center (WCC) is a customer data integration system to 
control customer, product, location, supplier and other master data. WCC is 
built on the information integration services provided by WebSphere 
Information Integration server – providing all of its enabled services using 
standard SOA interfaces defined with WSDL.  

A.1.22 DB2 Database Server 

DB2 has been expanded to merge access to both traditional relational data 
and XML data – enabling you to store and retrieve XML documents, and 
span across both type systems. You can use either SQL or XQuery for either 
kind of data, and compose both in the same query results.  

A.1.23 CICS Transaction Server 
The CICS Transaction Server has been updated in v3.1 to provide native 
support for Web services. CICS transactions can be described with WSDL 
and invoked as Web services from other services on other platforms. CICS 
transactions can also invoke other Web services that are either also 
implemented as CICS transactions or implemented on other platforms using 
other underlying middleware languages and technologies. Message schemas 
can be derived from COBOL copybooks to simplify the construction of the 
WSDL.  

A.1.24 IMS Transaction Server 
Similar to CICS, the IMS Transaction Server has been updated in v9 to 
provide native support for web services. IMS transactions can be described 
in WSDL and invoked through a native web services stack. Likewise, IMS 
transactions can invoke other IMS and non-IMS based web services.  



IBM SOA Foundation – Architecture Overview 
 

SOAFoundation.Architecture.Whitepaper.v1.01.doc Page 64 15 December 2005 

A.1.25 WebSphere Adapters 
The WebSphere Adapters product delivers a number of Java 2 Connector 
Architecture conforming adapters to a wide variety of legacy information 
systems that can be incorporated into the SOA Foundation as business 
services. The WebSphere Adapters product includes adaptors for Ariba 
Buyer, Clarify CRM, i2, JD Edwards OneWorld, SAP Software and Exchange 
Infrastructure, Oracle Applications, PeopleSoft Enterprise, Siebel Business 
Applications, amongst many others. It also includes technology adapters for 
Flat Files, JDBC, CORBA, HTTP, JMS, e-Mail, and many others.  

A.1.26 Tivoli Identity Manager 
Tivoli Identify Manager (TIM) provides a uniform point of administration 
for all of the users in your enterprise. TIM helps you manage the entire 
lifecycle of these users within your organization – including identifying the 
credentials of those users, assisting in password management, and 
associating the roles and relationships those users are responsible for. TIM 
has built-in support for self-registration and maintenance.  

TIM supports multiple underlying registry technologies, including LDAP, 
relational data systems, and flat files, including custom integration with your 
own existing user registry systems.  

A.1.27 Tivoli Federated Identity Manager 

Tivoli Federated Identity Manager (TFIM) implements a number of industry 
standard mechanisms, including SAML, the Liberty Alliance, and the Web 
Service Federation Language (WS-Federation) specification for federating 
user information and authentication schemes that may be used across 
different parts of your business or between you and your business partners.  

TFIM operates on the recognition that no one entity in the world will have 
sole authority over the authenticity of users in the internet, or even the 
relationships between multiple business partners. Instead, TFIM enables you 
to recognize the authority that each partner has in establishing the 
authenticity of the users that exist at each partner, and then coordinating 
how that authenticity may be used to control access to your own services and 
resources.  

This can dramatically reduce operational expenses by eliminating duplicate 
registry entries for all your users at each location that hosts services you 
want to make use of. It simplifies your user’s job by enabling a single sign-on 
to all the systems your user needs to use. And in doing it also increases the 
overall integrity of your system by reducing the number passwords that 
your users must remember.  

A.1.28 Tivoli Access Manager 
Tivoli Access Manager (TAM) centralizes privilege management for all of the 
services and resources in your system. TAM is a privilege authority – 



IBM SOA Foundation – Architecture Overview 
 

SOAFoundation.Architecture.Whitepaper.v1.01.doc Page 65 15 December 2005 

managing authorization policies and providing authorization decisions for 
access queries coming out of the SOA Foundation infrastructure.  

The service hosting environments provided by WebSphere Portal, 
WebSphere Application Server, WebSphere Process Server, WebSphere 
Enterprise Service Bus and the DataPower XS40 Security Gateway appliance 
all will call out TAM for authorization decision, based on role and 
permission information associated with the services hosted in those 
environments. These will then enforce the policy decisions rendered by TAM 
before dispatching on the services they host.  

A.1.29 Tivoli Composite Application Manager 
The IBM Tivoli Composite 
Application Manager (ITCAM) 
offering is design specifically to 
enable IT service management. It 
has been designed to understand 
the unique semantics and loosely-
coupled characteristics of SOA-
based services.  

ITCAM has three editions that are 
relevant directly to the SOA 

Foundation: ITCAM for WebSphere, ITCAM for SOA, and ITCAM for 
Response Time Tracking. These cover the gamut from application server 
monitoring and resource consumption, deep-dive diagnostics and 
correlation as service invocations cascade across multiple systems, and 
service level response times and problem isolation.  

A.1.30 Tivoli Intelligent Orchestrator 
Tivoli Intelligent Orchestrator (TIO) is an important adjunct to managing 
your SOA Foundation infrastructure. TIO provides support managing your 
administrative and management workflows, and initiating the workflows in 
direct response to events produced in the information system. TIO is 
essential to automating your operational environment and fits naturally 
within the “analyze, plan and execute” phases of the autonomic MAPE loop.  

A.1.31 Tivoli Provisioning Manager 
The Tivoli Provisioning Manager (TPM) extends TIO with specific 
workflows for automating the construction of the deployment environment. 
This can range from provisioning an entirely new set of hardware in your 
information system with everything from the operating system on up to your 
middleware, tools and applications; to re-purposing existing facilities by 
changing out the software on those existing systems; to driving service 
updates and software upgrades out to operational systems.  
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A.2 Assets 

A.2.1 Rational Software Architect Pattern Solutions 
A number of additional Patterns 
are available for download from 
IBM that you can plug into RSA. 
These are made available through 
the Reuseable Asset Specification 
(RAS) repository. Instructions for 
getting RSA and the 
downloadable Pattern Solutions 
can be found at: http://www-
128.ibm.com/developerworks/rational/products/patte
rnsolutions/.  

A.3 Professional Services 

IBM Global Services offers a number of engagement practices to help you 
build out your SOA Foundation. These include, for example, accelerators for 
service management around orchestration and provisioning; enablement 
services that will help you with assessment, building roadmaps, and 
establishing transition plans; design services for implementing business 
services; IT infrastructure planning; business transformation; and service-
oriented modeling and architecture.  

A.3.1 Accelerators for Service Management for orchestration and provisioning 
Accelerate implementation of IBM Tivoli orchestration and provisioning 
software. 

A.3.2 Application Value Optimization Services 
IBM Application Value Optimization Services offers you an end-to-end 
integrated solution designed to assess, transform and manage your 
company’s application portfolio on a continual basis.  

A.3.3 Business Enablement Services for Service-Oriented Architecture 
Business enablement services for service-oriented architecture including 
assessment, plan vision and transition plan. 

A.3.4 Design Services for Service-Oriented Architecture 
Design services for service-oriented architecture including code development, 
support materials and deployment. 

http://www-
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A.3.5 IBM Component Business Modeling Services (SM)  
IBM Component Business Modeling Services help you gain significant new 
insights into the strategy, technology, operations and investment alignment 
of your organization. 

A.3.6 Implementation Services for Service-Oriented Architecture 
Implementation services for service-oriented architecture including code 
development, support materials and deployment. 

A.3.7 IT Infrastructure Planning and Design for On Demand Business - 
infrastructure architecture and design 

Create a vision and architecture blueprint to enable an on demand operating 
environment 

A.3.8 IT Infrastructure Planning and Design for On Demand Business - 
Infrastructure services readiness engagements 
Comprehensive assessment of preparedness for an on demand 
implementation and recommendations to improve infrastructure readiness. 

A.3.9 IT Infrastructure Planning and Design for On Demand Business - IT service 
management design 
Help to plan and execute a transition to a demand-driven service 
management strategy. 

A.3.10 Management Services for Service-Oriented Architecture 
Management services for service-oriented architecture including 
comprehensive monitoring and management applications and services. 

These and many other service offerings are listed at: http://www-
1.ibm.com/services/us/index.wss/itservice_services/its/a1002583. 

http://www-
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