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Uncle Sean

FROM THE EDITOR

I have no children myself, but I’ve watched my nieces and nephew grow from newborns 
to walking, talking, independent individuals over the years. To me, one of the most fasci-
nating parts of watching a child grow is seeing them go from their first tentative, hesitant 

steps to toddling around, grabbing the furniture at every opportunity but gaining mobility 
to finally running around and crashing into my legs more often than I care to think about.  
 We’ve been speaking about service-oriented architecture here in the magazine for over four 
years now. In many ways, I’ve felt like an uncle to SOA as well. In the very beginning, when almost 
no one had even considered a service-oriented enterprise, we were at the newborn stage – people 
wondered about XML, WSDL, and UDDI, and how best to create a service.  
 As an industry we’re well past that infant stage and have moved on from crawling to the 
first hesitant steps. We now have answered many of the initial questions (XML –good, UDDI 
– nice-to-have but not critical) and have faced the next series of questions in our journey 
toward SOA adulthood. These questions include things like how to create a transaction, 
what to do about security, and even to a certain extent how to manage our new world of 
loosely coupled services.
 We’ve even begun to tackle some more meaty questions as we begin pulling ourselves 
along the furniture. We know enough to realize that moving to a service-oriented enterprise 
means not just Web services, but business processes and their management and gover-
nance. More important, we have now begun to gain the awareness of the business commu-
nity that service orientation is as much about changing how we do business as it is about 
how we do information technology. This is a powerful and sometimes frightening realiza-
tion.  
 Some years ago there was a fairly sensational article that posed the question “Does IT matter?” 
with the somewhat implicit position that in fact it did not – that IT is now commoditized and 
unworthy of any further investment; there is no competitive advantage to be gained from IT.
 I’ve come to believe that SOA and SOE is an opportunity for IT to once again add value 
and allow an organization to differentiate itself amidst its competitors. For SOA, while 
founded on information technology, is truly about business transformation. It is about 
going from those first baby steps where IT created services just to prove they could to an 
organization that truly knows its mission and values, and applies them in all of its opera-
tions. Without fail, every organization I have worked with that has moved beyond the first 
simple Web services has discovered what should really come as no surprise – the way we do 
business, supported by automation, is not fully aligned with the goals of the organization. 
There are countless reasons why this happens – mergers, software packages that were built 
as silos – but the bottom line is that a move to SOA is about transformation of the business 
and fully aligning the services within the organization at a business level.  
 Of course it’s easier to acknowledge this than it is to accomplish it. An organization is not 
just made up of software; it’s made up of people. People have a natural need to organize, 
as well as a certain resistance to change. Constant change is difficult for many people to 
accept, regardless of the reality that nothing remains the same for very long. Embarking 
on a journey that says we’re going to change how we do everything –where people sit, who 
they work for, what they do – is very difficult. It’s a constant balance between change and 
security, providing just enough stability to the organization to ensure that business can be 
transacted. It’s not easy.
 But it is necessary. Take it from Uncle Sean, it’s time to let go of the furniture and start to 
walk on our own. Next time we’ll talk about the diapers.  

WRITTEN BY SEAN RHODY

About the Author

Sean Rhody is the editor-in-chief of SOA World Magazine. He is a respected industry expert and a consultant with a leading 

consulting services company. sean@sys-con.com
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Strategies for Versioning 
Web Services 

VERSIONING

A
s architects and developers continue to design and implement Web Services in 
distributed environments, they are faced with a versioning issue – namely, how 
do you deprecate, evolve, and continue to use different versions of the same 
service with multiple service consumers. This article explores the implementa-

tion issues and identifies versioning patterns and strategies that can be employed to resolve 
them. Practical code examples using Java API for XML-based Web Services (JAX-WS) can be 
downloaded from the online version of this article at http:soa.sys-con.com.
 The versioning issue isn’t unique to SOA and Web Services and is an integral part of any 
software development. API, object, and class versioning have been around for a long time. 
Unique to the problem space is the environment and shift in roles or responsibilities. In 
distributed SOA environments control is decentralized – the service producer doesn’t nec-
essarily control the implementation technology or design of the service consumer (and vice 
versa). Moreover, the service producer may not be the same as the deployer and may have 
no control over the eventual deployment environments. The glue holding the two together 
is the service contract and the service level agreement. The former is usually the interface 
(i.e., the sum of WSDL, schemas, policies, etc.) and the latter is usually an out-of-band 
negotiated agreement defining the quality of service requirements (i.e., the sum of the “il-
lities” – scalability, reliability, availability, etc.) that the implementation provides. Architec-
turally the contracts can be producer- or consumer-driven.
 Given this framework the architectural problem space is something like this. Consider 
that a service S

1
 is developed and consumed by clients C

1
. Business or technical require-

ments changes to the original service implementa-
tion result in service S

2
. The consumer space for this 

service is C
2
 as shown in Table 1. 

      If the consumer space for Service Sn were limited 
to C

n
 there would be no problem. Only new clients 

use new services. However, if this space is a defined 
by set (C

1
U C

n
) or (C

1
 U C

n+1
) – then versioning needs 

to be addressed.
      The WC3 Technical Architecture Group (TAG) 

categorizes versioning schemes that mitigate coupling issues into four categories that we 
can adapt to our problem space:

• None – Service Sn doesn’t distinguish between different consumers and must therefore 
tolerate all changes – Service S

1
 handles request from C

1
 U C

n

• Backwards-compatible – Service S
n
 handles requests from C

1
 U C

n
 

• Forwards-compatible – Service S
1
 handles requests from C

1
 U C

n

• Big Bang – Service S
1
 aborts processing for requests from C

2
 U C

n
 

WRITTEN BY SAMEER TYAGI

About the Author

Sameer Tyagi, an enterprise architect, focuses on strategy, design, and implementation of large-scale enterprise applications. 

His publications include several books and periodicals on technology. He can be reached at http://sameertyagi.blogspot.com.

sameer_tyagi@yahoo.com

Environment and shifts in roles or 
responsibilities

Service 1 Service 2 Service n

Consumers 1 ✓  ? ?

Consumers 2 ? ✓ ?

Consumers n ? ? ✓

Table 1 Service evolution from S1 to S3

– CONTINUED ON PAGE 31
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Web 2.0-based 
Rich Service Consumer  
Ecosystems: Usability 
and Expectations
The usability perspective in RIA-based service consumer design 

FEATURE

WRITTEN BY MAYANK MATHUR

 The Web is evolving as an open platform with rich user interface capabilities of desktop clients. This has triggered user-driven 

management of service consumer ecosystems, expanding the reach of SOA with rich interactive controls and Web 2.0 tools to ac-

cess the Web content and services. However the usability dimension of these Web 2.0-based service consumer ecosystems is often 

ignored, leaving doubt about whether present usability testing techniques in Web-based systems are capable enough to guarantee 

a usable experience in RIA-based service consumer systems.

W
hile the focus of Web 1.0 was content delivery and 
communication, it has evolved to Web 1.5 showcas-
ing content personalization and multi-level com-
munication. In progressing towards Web 2.0, which 

manifests “authoring and collaboration,” it has emerged as a key 
facilitator for creating rich SOA consumer ecosystems to augment 
the benefits of SOA including interoperability, reuse, and standard-
ization. Web 2.0 is about leveraging standards (CSS, JavaScript, etc.) 
to deliver engaging, interactive, and integrated content and services 

in ways that allow users to focus on the task and the customer 
rather than the interface.
  Rich Internet Applications (RIA)-based SOA front-ends offer a 
better user experience than static HTML Web pages or portals lever-
aging services because of an: 
• Interactive and engaging interface, taking advantage of desktop 

richness and responsiveness, bringing content to users through 
controls with a low learning curve

• Direct manipulation of data with real-time input validation and 
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data responsiveness, all in a one-page smooth flow rather than 
page-by-page browsing.

• No more waiting for undo actions, page refresh and downloads.
• No more limitation of sequenced Web control manipulation for a 

task and the possibility of moving back and forth between steps. 
• Richer page elements like grids, pop-ups, dialog, tabs, contextual 

dropdowns and right-mouse menus, with drag-and-drop and 
resize capabilities. 

• Easy RIA installation and upgrades with accessibility regardless of 
operating system. 

• Decentralized social networks with rating reviews, and feedback: 
Full Collaboration.

 RIAs are powerful and attractive alternatives to HTML for en-
abling complex interactions. However, they might have user experi-
ence problems as depicted in Table 1.

RIA Usability Challenges
• Complex, unconventional way of presenting content; No defined 

standards as of now
• Unpredictive behavior of RIA controls; Users need to be careful 

and attentive while using them. They appear and disappear fast; 
variety of possible behavior-disengaging experience.

• Inconsistent and confusing navigation and nomenclature with 
concurrent activities.

• No calls can be made to the Web server when JavaScript is turned 
of and with no data transfer pages will be inaccessible. 

• AJAX quick updates are vexing for people with partial sight and 
screen readers can easily miss them. Appropriate alerts (with 
checkboxes or pop-ups) along with sound will make it noticeable 
and improve the screen reader experience. 

• Optimum richness may save “degraded user experiences” for the 
vast majority of people comfortable with less interactive applica-
tions to accommodate user learnability. Moreover, people should 
be able to identify the usage of any interactive page element or 
control, i.e., perceived affordance as defined by Don Norman in 
“The Design of Everyday Things.” Uniform use of these controls 
would facilitate user learning based on past experience. The chal-
lenge is to develop an interactive application with user-centric 
design while providing alternative keyboard means for mouse-
driven events. 

• RIAs have the concept of in-page refresh, as such the back button 
would bring them to the same page, thereby confusing them. A 
different navigation system is required for static Web page refresh 
and in-page refresh. 

 RIA-based Web and service consumer ecosystems need to look 
at usability to enhance the user experience and excite users to visit 
again. These systems have to be highly accessible, visually consis-
tent, accurate and engaging, oriented around a natural user task 

flow. Some basic questions while designing such a system include:

• What is the goal of people entering the system and why did they 
exit?

• Is the page layout and form design intuitive and interactive 
enough to retain the user?

• Is the site navigation and nomenclature consistent enough to 
ease task flow? Do we have a sitemap?

• Is the content usable to facilitate online reading for all classes of 
people?

• Is the site on a par with competitive trends in services and user 
experience?

• Does in-page refresh with appropriate dialogs and opening func-
tions in new browser windows optimally balance to facilitate a 
beginner’s task?

• Do we have proper feedback on the controls we are implement-
ing? Is it maneuverable with appropriate perceived affordance? 

• Does information searching require too much user attention and 
mouse events like clicking, dragging, and scrolling. Aren’t we clut-
tering one page too much? 

• Are we providing alternatives for content search as is common 
with static Web pages?

• Do the customers understand the way information products and 
services are presented?

• Do advertising, illustrations, and graphics on the home page 
convey the right message?

• How efficient and forgiving is the mechanism to collect informa-
tion from the user?

• Finally, are users expected to behave the way a site is designed? 
After all we develop features to be used by users in their own 
natural way. Usability testing directs developers to design systems 
so people don’t have to modify their approach to achieve their 
goal.

The Usability Testing of RIA Applications
 Usability testing evaluates how easy an RIA application is to 
learn and use. There should be optimum balance between business 
needs, technology potential, and user expectations. Traditionally, 
usability refers to the “extent to which a product can be used by 
specified users to achieve specified goals with effectiveness, ef-
ficiency, and satisfaction in a specified context of use.” We restruc-
ture this definition for RIA usability to the “ability of a user to utilize 
rich controls for an intended use interactively, independently, and 
consistently resulting in reduced task time and enhanced user 

Figure 1: Web Evolution

RIA Scenario Consequence in Usability Perspective

Business influences design decisions Flawed business model 

Incorporating revenue-generating features Basic functionality and objective overlooked

Conversion of application from desktop-

based to browser-based for minimum 

deployment cost

Traditional desktop systems become slower; inef-

ficient and inhibited browser-based apps.

Customized design approach Complicated interface with low user yield

Table 1 Scenarios for degraded user experience 
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experience.” Human Computer Interaction (HCI) in this context 
would be “the discipline concerned with the design, evaluation, 
and implementation of usable RIAs and studying the optimum 
balance between traditional user expectations and rich technology 
innovations.”
 Usability testing for RIAs would involve analyzing UI design on 
established usability guidelines, and evaluating user task time and 
job satisfaction while using rich Web 2.0 controls through tools or 
first-hand observation and recommending fixes for the flaws. A 
commonly suggested approach is to have an optimal combination 
of restraint while implementing needed rich widgets with signifi-
cant business usage and using traditional means where easier for a 
usable experience. After all use of traditional controls will phase out 
with time and it will take time for rich interactive widgets and RIA 
prowess to become commonplace. The different perspectives of 
usability testing in RIA context is explained below:

Planning & Prioritizing for Usability
 Planning such a system requires the inculcation of a usability 
perspective while identifying site objectives and goals. During 
development we should focus on the form under development 
and have a clear idea of how it will function for the end user. This 
system should be delivered on a mental model of natural user task 
flow. The usability perspective in RIAs requires decisions about 
what functionality should execute on a new page and what is best 
suited to a partial page update. Incorporating user-generated 
content along with ratings and reviews enhances the usability of 
RIAs. Their design should comprehend visual perception and user 
behavior. Key tasks to be planned and techniques to be used in an 
RIA context include:

A Holistic View of RIA Controls from a  
Usability Perspective
 Any usable RIA control can be thought of as having four charac-
teristics:
Ability: The developer’s ability to render rich and interactive control 
while using rapidly evolving and intuitive Web technologies.
Functionality: This characteristic is used to deliver functionality 
benefiting the user and business as a whole improving task time, 
easy input, and real-time solutions with a rich experience.
Capacity: This characteristic hints at infrastructure for rendering 
RIA controls with customizable and interactive solutions to the end 
user with enhanced experience and significant business gains. 
Learnability: This hints at the designing widgets for its higher 
retention and recall while using it with natural ease. 

 This fourfold usability delivers a successful and sustainable ap-
plication with customer retention meeting the user’s expectations 

while enhancing his learnability and user experience. This can help 
in articulating important design decisions such as deciding how 
much richness to add – keeping in mind how existing functionality 
would be enhanced – while catering to existing infrastructure needs 
and reducing the user’s task time. 

Best Practices for RIA Usability
 Stick to the Basics: Before implementing RIA innovations, involve 
a trained usability tester to find usability flaws. Designers should re-
design per usability conformance. 
Moreover, focus should also be on 
privacy and security policies and 
guidelines for error-handling
Provide Alternatives. RIA acces-
sibility depends on JavaScripting 
being enabled in browsers. Brows-
ers should auto-detect this and 
redirect the user to an alternative 
form. 
• Use AJAX to Enhance the User 

Experience: An RIA control 
should be provided if it makes a user task easier and increases 
learnability and efficiency. One should refrain from delivering a 
rich solution if the user doesn’t benefit.

• Develop for Users: RIA can confuse the user. We need to develop 

FEATURE

Perspective Advantage of Usability Testing

For Users Minimal learning curve, decreased user task time and errors, increased job satis-
faction, and improved user performance

Developers Improved user acceptance, less technical support and training of users, reduced 
software development and rework time and effort.

Designers One can identify which designs are effective and which to avoid

Companies Reduced redesigning, development, and technical support costs, increased sales, 
increased traffic, and improved user productivity and features usage.

Overall Inexpensive. Can be applied to anything from prototypes to finished products, find-
ings are immediate without any special equipment needed to test.

Table 2 Advantages of usability testing

Usability 
Inspection

Quick, cost-effective ways to identify usability flaws for RIA design. Suggests 
what features need richness and which should be left as is.

Prototype Measure design effectiveness while watching users interact with RIA controls.

Web Standards 
Design

Evaluate against W3C guidelines and analyze functionalities against busi-
ness needs and technical constraints for improved page load times, improved 
bandwidth usage, maintainability, accessibility and compatibility, and support for 
non-traditional devices.

Card Sorting Explore how users structure and find information time and again. Helps us put 
content for maximum effect.

Navigation 
Design

Focus on making user navigation consistent, quicker, easy, and effective for 
intelligent and smooth task flow for the user. 

Keystroke-level 
Model Analysis

Analyzing specific aspects of a task and the controls that are slowing users down, 
identifying controls that can be retained rather than redesign the whole thing.

Instructive 
Design

Optimal use of the design elements for RIA control showcasing its uniqueness 
and why users should use it and how to use it while providing requisite direc-
tions for its use thereby accelerating users learning new interfaces.

Competitive 
Analysis

Evaluate the usability, not only of a company’s product, but also competitive 
products.

Accessibility 
Inspection

Instruct that the minimum features and alternatives be implemented to achieve 
basic, intermediate, and advanced levels of accessibility while checking through 
text-only browsers and screen readers.

Findability Structure content for effective find. Track the extent to which a feature or prod-
uct is understood and used by the end user.

User Testing Identify key usability issues as experienced by target users in accomplishing 
tasks through Web 2.0 innovative features to ascertain any problems. The 
design team can have its design evaluated heuristically after the fixes are 
done. Evaluate the appropriate balance between richness and efficiency of the 
application.

Testing Tools Check recorder, remote viewer, and playback functions to log, observe, analyze, 
and share any site to uncover usability flaws. It makes usability testing easy, 
quick, and accurate and can remotely observe and record every mouse move-
ment, keystroke, and click for site navigation.

Eye Tracking Session images show the path that users’ eyes take when looking at a page, 
while heatmaps highlight the areas users pay the most attention to. Analyze 
what attracts customers and what they ignore.

Physiological 
Measurements

FMRI (track processing in brain); pupal diameter and GSR (track emotional 
changes); a skin-conductivity sensor can detect changes in sweat, temperature, 
and heart rate. It provides a fair picture of an interface’s user appeal.

Color Blindness 
Check

Simulate a number of color blindness conditions for how site features may 
appear to color-blind users and plan corrective actions accordingly.

Table 3 Usability techniques
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to the target audience and objective use so the user can achieve 
his intended goals.

• Usability Inspection: Have a usability specialist attempt to judge 
RIA effectiveness on a predefi ned set of usability criteria to iden-
tify potential problems early. 

• Usability Test: Participants should test effectively, evaluating 
design effectiveness for the task and disseminate the results for 
testing iterative solutions.

• Report: Report the essential design recommendations and fi xes 
divided into short-term, long-term, and must-do while the fea-
tures are retained as they are. 

Conclusion
 Understanding customers is critical in delivering on the busi-
ness promise of SOA. Portals and Web 2.0 have emerged crucial 
SOA consumer ecosystem enablers. The Web 2.0 approach to 
consumer RIAs has primarily focused on the richness of the 
controls rather than the end user. To enhance user focus, there is 
a need to circumvent common design flaws in RIA with universal 
usability guidelines following right methodologies. This vision 
should use the right usability tools and techniques. In this article 
we have discussed the diverse usability perspectives of Web 2.0 
RIA systems and have discussed appropriate techniques that can 
help RIA developers and end users by reducing task time, user 
errors, user disruption, training time, maintenance, and redesign 
costs. 
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Traditionally DOM or SAX-based enterprise applications have 

to repeat CPU-intensive XML parsing when accessing the same 

documents multiple times. VTD-XML 2.0 introduces a simple 

general-purpose XML index called VTD+XML (http://vtd-xml.

sourceforge.net/persistence.html) that eliminates the need for 

repetitive parsing of those applications. 

This article combines various examples and the latest bench-
mark reports to show you how to get started with this index-
ing. This article also discusses various scenarios and use 

cases where you may fi nd VTD+XML useful. 

Avoid Repetitive XML Parsing with VTD-XML 
 As discussed in “Simplify XML processing with VTD-XML,” to 
date one of underlying assumptions in XML application develop-
ment is that an XML document must be parsed before anything else 
can be done with it. In other words, the processing logic of XML 
applications can’t start without parsing. Frequently considered a 

threat to database performance, XML parsing is usually many times 
slower than other XML operations such as XPath evaluation. When 
those applications perform multiple read-only access to XML data 
that don’t change very often, wouldn’t it be nice to able to eliminate 
the overhead of associated repetitive parsing? 
 With the native XML indexing feature introduced in version 2.0 
of VTD-XML, you can do precisely that. VTDGen, the class encap-
sulating various parsing routines, now adds “readIndex(...)” and 
“writeIndex(...).” VTD-XML 2.0 also introduces two new exceptions: 
indexWriteException and indexReadException. 
 Let me put those new methods into action and show you how to 
turn on the indexing capability in your application. Consider the 
following XML document: 

 <purchaseOrder orderDate=”1999-10-21”>
       <item partNum=”872-AA”>
         <productName>Lawnmower</productName>
         <quantity>1</quantity>
         <USPrice>148.95</USPrice>
       </item>
</purchaseOrder>

 Below is a simple pre-2.0 VTD-XML code named “printPrice.java” 

Index XML Documents 
with VTD-XML
How to turn the indexing capability on in your application

FEATURE
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that prints out the content of the element “USPrice.” Notice that 
it parses the XML file and then uses XPath to filter out the target 
nodes. 

import com.ximpleware.*;
import com.ximpleware.xpath.*; 
public class printPrice{
     public static void main(String args[]){
           VTDGen vg = new VTDGen();
           try{
                if (vg.parseFile(“po.xml”,true)){
                       VTDNav vn = vg.getNav();
                       AutoPilot ap = new AutoPilot(vn);
                       ap.selectXPath(“/purchaseOrder/item/USPrice/text()”);
                       int i=-1; 
                       while((i=ap.evalXPath())!=-1){
                              System.out.println(“ USPrice ==> “+vn.toString(i));
                       }
                } 
            }catch(Exception e){ 
                
            } 
      }
} 

 A few changes are needed to add VTD-XML’s new indexing ca-
pability to the Java code above. First, you need to read in the XML 
document, parse it, and then write out the indexed version of the 
same XML document. From that point onward, your application 
can run XPath query or processing logic directly on top of the index, 
saving the CPU cycles of parsing the XML document again. The 
following code snippets (named “genIndex.java” and “accessIndex.
java” respectively) show you how to generate and access the index. 
Notice that, when executed sequentially, both applications produce 
the identical output as “printPrice.java.”
The first application (genIndex.java) reads in “po.xml” and pro-
duces “po.vxl.” 

import com.ximpleware.*;
import com.ximpleware.xpath.*; 
public class genIndex{
 public static void main(String args[]){
  VTDGen vg = new VTDGen();
  try{
   if (vg.parseFile(“po.xml”,true)){
    vg.writeIndex(“po.vxl”); 
   }
  }catch(Exception e){
  } 
 }
} 
  
 The second application (accessIndex.java) loads “po.vxl” and fil-
ters the document using XPath expression “/purchaseOrder/item/
USPrice/text().” 

import com.ximpleware.*;
import com.ximpleware.xpath.*; 
public class accessIndex{
     public static void main(String args[]){

          VTDGen vg = new VTDGen();
          try{
               VTDNav vn = vg.loadIndex(“po.vxl”);
               AutoPilot ap = new AutoPilot(vn);
               ap.selectXPath(“/purchaseOrder/item/USPrice/text()”);
               int i=-1;
               while((i=ap.evalXPath())!=-1){
                   System.out.println(“ USPrice ==> “+vn.toString(i));
               }
         }catch(Exception e){
         } 
    }
} 

VTD+XML in 30 Seconds 
 Allowing XML parsing to be decoupled from application logic, 
the key in the example above is the index file “po.vxl,” which con-
forms to the VTD+XML spec. What is VTD+XML? Since VTD-XML’s 
internal representation of XML infoset is inherently persistent, 
VTD+XML, as the name suggests, is simply the binary packaging 
format that combines VTD records, LCs entries, and XML into a 
single file. The detailed technical spec can be found at http://vtd-
xml.sourceforge.net/persistence.html. 

A Simple Example 
 This section gets down to the nitty-gritty of the specification by 
manually composing, byte-by-byte, a VTD+XML index. For the sake 
of simplicity, this example chooses to index a simple XML docu-
ment containing a single child-less root element whose parsed rep-
resentation doesn’t have location cache entries. This example also 
assumes a big-endian byte order (as in Java) and UTF-8 document 
encoding (the default character set). The name space awareness is 
set to false. 

<root/> 

 The first four-byte word of the corresponding index file is 
0x0102A000 containing: 
• The VTD+XML version number (0x01) in the first byte 
• The character encoding format (0x02) in the second byte 
• The name space awareness, word length of LC entries in the 

last level, byte endian-ness of the platform, and VTD version as 
encoded in various bit fields in the third byte (0xA0) 

• The document depth (0x0 as the root element has no child) 

Figure 1  Read “po.vxl” in VI 
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 The second four-byte word has the value of 0x00040001 containing: 
• The number of LC levels supported by the VTD-XML implemen-

tation in the upper 16 bits (0x0004 in big endian) 
• The root element index value in the lower 16 bits (0x0001 in big 

endian) 

 The next four four-byte words are reserved and set to zero.
The byte order of all the ensuing 32-bit or 64-bit words is plat-
form-dependent and specified in the third byte of the VTD+XML 
spec. The next eight-byte words indicate the size (in bytes) of the 
XML document, which equals seven in this example. Immediately 
following (0x3C726F6F742F3E00) is the byte content of the XML 
rounded up to an integer multiple of eight bytes by padding zero to 
the end. 
 The remaining part of VTD+XML index consists of mul-
tiple adjacent segments each containing an eight-byte word 
(0x0000000000000002 indicating the VTD record or LC entry count) 
followed by the actual content of the VTD records or LC entries.  
The first eight-byte word (0x000000000000000002) indicates that 
there are two VTD records that are 0xDFF0000000000000 and 
0x0000000400000001. 
 The remaining three eight-byte words all have the value of zero 
indicating that the location caches in level one, two, and three have 
zero entry in the VTD+XML index. 
 As the final output, the VTD+XML index for “<root/>” is 88-bytes 
long and looks like the following hex: 

0x0102A00000040001 0x0000000000000000 
0x0000000000000000 0x0000000000000007 
0x3C726F6F742F3E00 0x0000000000000002 
0xDFF0000000000000 0x0000000400000001 
0x0000000000000000 0x0000000000000000 
0x0000000000000000 

Benefits and Limitations 
 Because VTD+XML straightforwardly combines VTD and XML, it 
inherits all the benefits of VTD-XML parsing. When compared with 
existing XML indices (e.g., various pure-binary XML indices model-
ing labeled, ordered tree etc.), VTD+XML possesses many unique 
technical benefits:

• General Purpose – Before VTD+XML, most native XML indices 
only optimize specific types (e.g., the axis) of Xpath lookups. If an 
input query differs slightly from the index type, the query execu-
tion still has to resort to expensive parsing. Due to this limitation, 

FEATURE
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many native XML databases today require users to create mul-
tiple indices, one for each input query type so users can benefit 
from those indices. The problem is that XML database applica-
tions usually serve many types of queries that are unpredictable 
and complex in nature, often rendering the benefits of indexing 
insignificant. In comparison, VTD+XML is the first index that 
completely eliminates the cost of XML parsing and predictably 
speeds up any type of XPath query. It also works with namespaces 
exceptionally well.

• Human Readable – VTD+XML is also the first human-readable 
XML index. You can actually open it in a text editor to examine 
the XML text. Figure 1 is what “po.vxl” looks like in “vim.” More 
than just a nice property, VTD+XML’s human-readability offers 
distinct advantages over pure binary indexing schemes. Every-
thing else being equal, keeping XML in its original format avoids 
the processing cost of converting to and from any binary formats. 
Moreover, what if your applications just wants to modify the XML 
payload, such as inserting into it a chunk of XML text extracted 
out of another SOAP message? What’s the point of converting 
XML to binary formats? In a service-oriented heterogeneous en-
vironment, maintaining XML in its original format automatically 
retains the openness and interoperability. It just seems to me that 
the only loss-less equivalent of XML is XML itself, no less. 

• Superior Indexing Performance – The performance of generat-
ing an VTD+XML index is identical to the parsing performance of 
VTD-XML, since both are essentially the same operation viewed 
from two different angles. On a 1.7GHz Pentium machine, it’s 
reasonable to expect a sustained indexing performance of 50 
MB/s-70 MB/s.

• Easy To Use – Usually adding a couple of lines (loadIndex(...) and 
writeIndex(...) as seen in the previous example) to your existing 
VTD-XML code is all that’s needed to enable VTD+XML in your 
applications. 

• Compact – The size of VTD+XML is usually about 30%-50% big-
ger than the size of the corresponding XML document. This is 
again consistent with the memory use of the VTD-XML process-
ing model. 

• Platform Neutral – Just like XML, VTD+XML is designed to be 
platform-neutral in that it explicitly includes information about 
the byte endian-ness of the platform on which the index is gener-
ated. Users of the C or C# version VTD-XML code can automati-
cally recognize and make use of the index generated by the Java 
version. 

 At the same time, users of VTD+XML need to be aware of the fol-
lowing limitations: 
• Upper Limit on Document Size – The maximum XML document 

size supported by VTD+XML is 2GB without name space support. 
With name space, VTD+XML supports a maximum of 1GB.

• Lack of Support for External Entities – VTD-XML currently sup-
ports five built-in entity references (&lt, &gt, &amp, &apos, and 
&quot;) as defined in XML 1.0. 

The Case Involving XML Content Update 
 Some of you may wonder: What if the subsequent XML opera-
tions involve content updates that shift the offset value? In general, 
those use cases often require the updated XML document to be re-
indexed. And for large XML documents, you may argue that the cost 
of re-indexing can be quite significant. However, there are actually 

several workarounds, all aimed at reducing, even eliminating, the 
cost of re-indexing.
 The first workaround: Instead of creating the VTD+XML index 
for a single big XML document, split the XML document into mul-
tiple smaller ones, each of which is then indexed using VTD+XML. 
From this point on, you only need to regenerate a VTD+XML index 
for those “updated” XML fragments that are usually a lot smaller 
and therefore cheaper to re-index. 
 VTD-XML 2.0 also introduced the “overwrite” feature that lets you 
modify XML content without needing to regenerate the index. The 
code below makes use of the VTDNav class’s new “overWrite(...)”  to 
change the text node of “<root>good</root>” from “good” or “bad.” 
If the new content is shorter or equal in length to that of the old 
content, the method “overWrite(...)” fills up the non-overlapping 
portion of the text with white spaces and returns true. Otherwise, 
no change to the original content and “overWrite(...)” returns false. 

import com.ximpleware.*;
class Overwrite{ 
   public static void main(String s[]) throws Exception{
         VTDGen vg = new VTDGen();
         vg.setDoc(“<root>good</root>”.getBytes());
         vg.parse(true);
         VTDNav vn = vg.getNav();
         int i=vn.getText();
         //print “good”
         System.out.println(“text ---> “+vn.toString(i));
         if (vn.overWrite(i,”bad”.getBytes())){
               //overwrite, if successful, returns true
               //print “bad” here
              System.out.println(“text ---> “+vn.toString(i));
         }
    } 
} 

 The “overWrite” feature may look simple, but it actually has 
unexpected implications for the performance of XML. Consider the 
database table design in which you specify the column width. You 
can now borrow the same technique for XML composition: By pre-
serializing some extra spaces into text nodes or attribute values, 
you can make “in situ” updates to those nodes and do so without 
regenerating the index. You can even pre-serialize, in an XML docu-
ment, dummy elements containing text nodes or attribute values 
whose initial values are entirely white spaces. Those dummy ele-
ments serve as templates in anticipation of a future content update, 
as shown in the example below. 

The template   
  
 <purchaseOrder orderDate=”         “>
       <item partNum=”      “ >
         <productName>         </productName>
         <quantity>         </quantity>
         <USPrice>         </USPrice>
       </item>
</purchaseOrder>
  
  After “stamping” in the data
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    <purchaseOrder orderDate=”1999-10-21”>
       <item partNum=”872-AA” >
         <productName>Lawnmower  </productName>
         <quantity>1  </quantity>
         <USPrice> 100 </USPrice>
       </item>
</purchaseOrder>

 And, by the same token, the concept of XML content deletion 
deserves a bit of rethinking as well. Instead of physically deleting 
an XML element, you can disable the XML elements by making 
them “invisible” to your applications to achieve the same goal. The 
benefit: you again avoid the need to re-index. Notice that this plays 
favorably to XML’s strength as a loose encoding data format. Below 
is an example of setting the value of the attribute “enable” of an ele-
ment to make it “invisible.” 

Before  

 <purchaseOrder orderDate=”1999-10-21”>
       <item partNum=”872-AA” enable=”1”>
         <productName>Lawnmower</productName>
         <quantity>1</quantity>
         <USPrice>148.95</USPrice>
       </item>
</purchaseOrder>
  
After 

    <purchaseOrder orderDate=”1999-10-21”>
       <item partNum=”872-AA” enable=’0’>
         <productName>Lawnmower</productName>
         <quantity>1</quantity>
         <USPrice>148.95</USPrice>
       </item>
</purchaseOrder>

Applications Scenarios 
 There are at least two different views to make sense of VTD+XML 
as a practical solution to real problems. The first is a traditional view 
of native XML indexing. Alternatively, you can think of VTD+XML as a 
binary data format backwards-compatible with XML. 

Native XML Indexing 
 In this view, you simply use VTD+XML as the basis for native 
XML data stores that serve the backend data needs of XML/SOA 
applications. By saving it as a BLOB (Binary Large OBject) in a more 
traditional database table, you obtain the additional capabilities 
such as concurrency and data integrity and replication. Being vastly 
superior to the awkward shredding-based XML to relational data 
mapping, VTD+XML fits exceptionally well in a pure XML/SOA 
environment. Have a lot of XBRL (Extensible Business Reporting 
Language) documents, or those big GML (Geography Markup Lan-
guage) files? VTD+XML should equip you with horsepower never 
before available.

Binary Enhanced XML 
 VTD+XML also naturally extends the core capabilities of XML 
by boosting its processing efficiency to a whole new level. In other 
words, as a wire format, XML now has it all: not only is it easy to 
learn, human-readable, interoperable, and loosely encoded by 
design, performance-wise it also leads CORBA, DCOM, and RMI by 

a mile. When applied to XML pipelining, VTD+XML can potentially 
eliminate the repetitive parsing at each stage of the pipeline – an 
issue none of the existing XML pipeline specs (e.g., XProc and the 
XML pipeline definition language) address. 
 If it takes too long for you to push large documents over your 
DOM-based ESB (Enterprise Services Bus), how does 100MB 
around a single second sound? 

Benchmark 
 This section shows you quantitatively the performance gain 
achievable using VTD+XML. The benchmark code measures the 
combined latency of VTD+XML index-loading (as in VTD-XML 2.0) 
and XPath evaluation of a specified number of nodes (the first five 
nodes in the set) in the result nodeset. The same code is also rewrit-
ten using the Xerces DOM parser and Xalan or Jaxen, both of which 
are popular XPath engines. The benchmark code used for the test 
can be downloaded here.

Setup 
 The environment for the benchmark has the following setup: 
• Hardware: A Sony VAIO notebook featuring a 1.7GHz Pentium M 

processor with 2MB of integrated cache memory, 512MB of DDR2 
RAM, and a 400MHz front-side bus. 

• OS/JVM setting: The notebook runs Windows XP, and the test ap-
plications are obtained from version 1.6.0.6-b105 of JDK/JVM. 

• XML parsers and XPath engines: The DOM code uses both Xalan 
(bundled in the JDK) and Jaxen over Xerces DOM (full node expan-
sion). VTD-XML, on the other hand, uses the built-in XPath engine.

 To reduce timing variations due to I/O, the benchmark programs 
first read XML files into the memory buffer prior to the test runs 
and output XML files into an in-memory byte array output stream. 
The server JVM is used to get peak performance. All input/output 
streams are reused whenever possible. 
 Three XML files of similar structure, but different sizes, are used 
for the test. 

<?xml version=”1.0”?>
<purchaseOrder orderDate=”1999-10-20”>
    <shipTo country=”US”>
        <name>Alice Smith</name>
        <street>123 Maple Street</street>
        <city>Mill Valley</city>
        <state>CA</state>
        <zip>90952</zip>
    </shipTo>
    <billTo country=”US”>
        <name> Robert Smith </name>
        <street>8 Oak Avenue</street>
        <city>Old Town</city>
        <state>PA</state>
        <zip>95819</zip>
    </billTo>
    <comment>Hurry, my lawn is going wild!</comment>
    <items>
        <item partNum=”872-AA”>
            <productName>Lawnmower</productName>
            <quantity></quantity>
            <USPrice>148.95</USPrice>
            <comment>Confirm this is electric</comment>
        </item>
        <item partNum=”926-AA”>
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            <productName>Baby Monitor</productName>
            <quantity>1</quantity>
            <USPrice>39.98</USPrice>
            <shipDate>1999-05-21</shipDate>
        </item>
        ...
    </items>
</purchaseOrder> 

The respective file sizes are: 
• “po_small.xml” ---- 6780 bytes 
• “po_medium.xml” ---- 112,238 bytes 
• “po_big.xml” ----- 1,219,388 bytes 

The following XPath expressions are used for the test 
• /*/*/*[position() mod 2 = 0] 
• /purchaseOrder/items/item[USPrice<100] 
• /*/*/*/quantity/text() 
• //item/comment 
• //item/comment/../quantity 

Results 
Absolute Latency 
/*/*/*[position() mod 2 = 0] 

file name Jaxen (ms)  Xalan (ms)  VTD-XML (ms) 

po_small.xml  0.401  1.521  0.028 

po_medium.xml  16.255  25.131  0.449 

po_big.xml  159.329  270.188  4.44 

  

/purchaseOrder/items/item[USPrice<100] 

file name Jaxen (ms)  Xalan (ms)  VTD-XML (ms) 

po_small.xml  0.441  1.612  0.0338 

po_medium.xml  16.954  28.21  0.431 

po_big.xml  174.201  288.18  4.499 

  

/*/*/*/quantity/text() 

file name Jaxen (ms)  Xalan (ms)  VTD-XML (ms) 

po_small.xml  0.47  1.534  0.0315 

po_medium.xml  17.57  25.278  0.431 

po_big.xml  190  272.958  4.412 

  

//item/comment 

file name Jaxen (ms)  Xalan (ms)  VTD-XML (ms) 

po_small.xml  0.805  1.689  0.0364 

po_medium.xml  27.27  27.687  0.434 

po_big.xml  398.57  304.103  4.43 

  

 //item/comment/../quantity 

  

file name Jaxen (ms)  Xalan (ms)  VTD-XML (ms) 

po_small.xml  0.816  1.706  0.0372 

po_medium.xml  28.367  28.338  0.435 

po_big.xml  384.05  306.056  4.431 

 
   
Observation 
 The benchmark results show that, after removing the parsing cost 
(by resorting to the index), VTD-XML now consistently outperforms 
DOM by two orders of magnitude, regardless of the message sizes. 
Interpreting the above results as the upper limit of how fast an XML 

content switch makes routing decisions based on the XPath output, 
VTD-XML’s processing throughput, calculated by dividing the XML 
message size (not including VTD) by the latency, is around 250 
MB/sec, roughly doubling the maximum throughput of a gigabit 
Ethernet connection. This means that switching/routing VTD+XML 
payloads based on simple XPath expressions is I/O-bound. 

Conclusion 
 This article has introduced the latest indexing feature of VTD-
XML along with the latest benchmark numbers showcasing the 
efficiency level it achieves. Prior to VTD-XML, an XML/SOA applica-
tion written in DOM or SAX incurs the overhead of XML parsing, 
XPath evaluation and, optionally, content update. It’s not uncom-
mon that those overheads account for 80%-90% or more of the 
total CPU cycles of running the application. VTD-XML obliterates 
those overheads since there’s not much overhead left to optimize. 
Using VTD-XML as a parser reduces XML parsing overhead by 
5x-10x. Next VTD-XML’s incremental update uniquely eliminates 
the roundtrip overhead of updating XML. Moreover, this article 
shows VTD-XML’s innovative non-blocking, stateless XPath engine 
significantly outperforming Jaxen and Xalan. With the addition of 
the indexing capability, XML parsing has now become “optional.” 

 In other words, obstacles standing on the path to successful SOA 
have quietly disappeared. But this is just another starting point. It 
probably won’t be difficult to see that none of its benefits would 
exist if VTD-XML stuck with excessive object allocation like DOM. 
In the context of XML processing, pure OO modeling of an XML 
infoset (e.g., string and node objects) just doesn’t appear the right 
thing to do in the first place. Like anything else, OO has its weak-
nesses. The problems (e.g., DOM and SAX’s problems) arise when 
one chooses OO for the sake of choosing it, and stops questioning 
its sensibility. To me, knowing when not to use objects is equally, 
if not more, important. Derived from the weaknesses, constraints, 
and limitations, VTD-XML strives to be the simple, sensible answer 
to the problems. 
 And, in the context of SOA, there are more questions on OO 
programming worth reflecting on. Among them, is OOP’s API-based 
public contract suitable for building loosely coupled, document-
centric Web Services applications? The answers, again, are likely to 
be surprisingly simple. 
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Merger and acquisition expenditures exceeded $2.7 trillion 

worldwide in 2005 and are expected to grow through 2009. 

However, according to McKinsey and Company, the big global 

strategy consultancy, “Half or more of the big mergers fail to 

create signifi cant shareholder value....

The sad conclusion is that an average corporate control 
transaction...delivers little or no value in the return.” The fact 
that such astronomical levels of cash and equity are sunk 

into M&A activity when it can put shareholders at risk is far from 
comforting.  
 Service Oriented Architecture (SOA) has become a common IT 
approach to bridge the barriers of collaboration between business 
partners, customers, suppliers, and different organizations in one 
company. The adoption of SOA to connect dynamic business pro-
cesses and disparate IT systems is initially a daunting task beset on 
all sides by potential complications and setbacks.  
 Adding M&A activity to the mix compounds the obstacles and 
complexity of committing to an SOA. When public companies 
leverage mergers and acquisitions as business strategies to achieve 
growth and increase shareholder value, another set of complica-
tions arise.

M&A Doesn’t Always Pay – The Acquisition 
Death Spiral
 Business acquisitions are on the rise, showing no sign of slow-
ing. A recent Morgan Stanley survey found that the chief fi nancial 

offi cers at Fortune 1000 companies consider M&A their top prior-
ity. The survey says that CFOs ranked M&A as the seventh most 
important use of capital. Because M&A is top of mind for CFOs, IT 
management must be prepared to accommodate – and in some 
cases steer – M&A strategies.
 Although M&A is wildly popular, that doesn’t necessarily mean 
that it’s in the best interest of shareholders. Mergers and acquisi-
tions can hinder service responsiveness and quality due to reduced, 
fractured, or even eliminated service and support. Post acquisi-
tions, companies can struggle to grow revenue and become too 
cost-focused. As a result, the focus on shareholder value, derived 
from top-line growth at reasonable margins, can be lost.
 As discussed in the Harvard Business Review in September 2006, 
“Companies typically create most of their value through day-to-
day operations, but a major acquisition can create or destroy value 
faster than any other corporate activity.” An unhealthy death spiral 
can start when cost-cutting reduces growth and customer loyalty, 
leading to lower revenue. Lower revenue leads to increased pres-
sure to cut costs beyond the acquisition business case. And, the 
downward spiral begins...

Acquisition Value = Growth at Acceptable Margins
 Executives need to think differently. According to McKinsey and 
Company, “Revenue deserves more attention in mergers, indeed, 
a failure to focus on [revenue] may explain why so many mergers 
don’t pay off.” In its study, only 12% of companies analyzed suc-
ceeded in accelerating revenue.
 Instead of focusing on cost reductions, executives of merging 
companies can pounce on short-term opportunities and accelerate 
long-term growth by pressing three core levers: 
1. Cross-selling and up-selling in a multi-channel world

Multi-Enterprise 
        SOA 
The most powerful tool we 
have for accelerating growth 
& delivering acquisition value
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2. Channel acceleration
3. Maintaining or enhancing service levels in a post-acquisition 

environment

Cross-Selling and Up-Selling in a 
Multi-Channel World
 Acquisitions add new products to sell through existing chan-
nels that must gain accelerated sales momentum in order to 
maintain revenue growth. One way to accelerate sales is through 
cross-selling and up-selling. But there are barriers to cross-selling 
and up-selling newly acquired products – not the least of which is 
gaining visibility into existing customers through the incompat-
ible or unconnected IT systems of an acquired company. Post-
acquisition, executives must focus on gaining intelligence about 
existing customer bases by connecting disparate customer in-
formation systems and applications so sales teams can mine for 
cross-sell and up-sell opportunities. At the same time, the chan-
nels by which customers purchase products and services must be 
visible and manageable from anywhere at any time. Whether the 
channel is online, by phone, in-store, or through a reseller, the 
sales force must be given access to customer data that lets them 
effectively up-sell and cross-sell into the base of the acquired and 
acquiring companies.

Channel Acceleration
 Acquisitions frequently bring new channels that may grow, 
not rationalize, over time. Partners of one organization may be 
competitors to another. Economies of scale achieved through a 
relationship with an acquired company might hamper efficien-
cies with the acquiring company. Mutually beneficial relation-
ships must be quickly identified and cultivated to accelerate 
channel sales and lead generation. Again, the interoperability of 
IT systems and the sharing of information must happen quickly 
before potentially growth-driving channel partners go else-
where.

Maintaining or Enhancing Service Levels in a 
Post-Acquisition Environment
 Acquisitions can pollute the brand and hamper maintenance and 
service revenue if promises aren’t kept and service level agreements 
(SLAs) aren’t met. If companies turn inward to tediously rewire 
systems and processes to match perfectly, the organization can 
easily become misaligned with customer needs. Post-acquisition, 
there’s rarely anything more important to long-term growth than 
fi rst maintaining then improving customer service levels.

Interoperability versus Standardization 
 When seeking the optimal combination of these growth levers 
post-acquisition, fractured processes, data, and systems must be 
connected. For example, catalog, pricing, and confi guration sys-
tems must be updated to refl ect new offerings and new combina-
tions. Order processing and billing systems need to present a single 
interface to the customer.
 The natural inclination is to standardize everything. That inclina-
tion unfortunately delays revenue acceleration and adds to the 
death spiral. CIO Magazine, in its March 2007 issue states that the 
average TCO of ERP solutions is $15 million with the range going 
as high as $300 million. No wonder nearly 40% of the companies 
that McKinsey surveyed were able to hit cost-reduction targets after 
acquisition. Standardizing ERP is expensive...and risky.

It’s usually better to allow newly joined companies to operate in 
tandem with a focus on growth at acceptable margins than it is to 
attempt cost-cutting through standardization of core transaction 
platforms.

Implementing SOA Strategy Post-Acquisition
 How can newlywed organizations get focused on growth, when 
all the complexity of different systems is getting in the way? One 
way is to loosely couple internal services and systems in both com-
panies to cultivate growth with external parties without uprooting 
operations.
 SOA lets the systems of acquiring and acquired companies inter-
operate without restructuring the enterprises or replacing underly-
ing systems. By allowing systems to interoperate, the company can 
immediately tie together existing systems to cross-sell and up-sell 
offerings through all of its channels; to accelerate the channel; and 
to enhance service levels.
 Growth-driving systems to be considered when developing a 
post-acquisition SOA strategy include:

• E-cataloging across channels
• Complex product and bundled pricing across channels
• Complex order orchestration 
• Integrated supply chain visibility

Case in Point: Sterling Commerce
 It’s important to consider whether a company is equipped for 
SOA-based integration when seeking to acquire them. Starting in 
2005, Sterling Commerce set out to acquire supply chain capabili-
ties and multi-channel selling capabilities to sell on top of its own 
SOA-based offerings. But unlike other competitors, Sterling only 
pursued acquisitions that met its SOA strategy. When acquired, 
each of these companies was SOA-based and so interoperated eas-
ily with Sterling’s existing system to deliver the improved products. 
With the addition of Comergent, Sterling was able to deliver a com-
prehensive end-to-end order management solution that will help 
companies increase revenue and reduce costs and order fulfi llment 
lead times. Adding Nistevo enabled Sterling to provide customers 
with a complete state-of-the-art supply chain management system 
from a single vendor that improves visibility and control over the 
entire supply chain – from order to shipment. The acquisition of 
Yantra let Sterling Commerce deliver supply chain products that 
already had high market acceptance. 

Multi-Enterprise 
        SOA Figure 1
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CASE STUDY

Solving Real-World Business  
Problems with SOA
A case study: The wealth management industry

WRITTEN BY MARK EATON

 The financial services industry is well suited to application 

solutions based on Service Oriented Architecture (SOA) due to 

the heterogeneity across front-, mid-, and back-office systems 

and different business lines. 

M
any financial services firms, particularly those that 
have undergone mergers or acquisitions, can benefit 
from SOA as they are burdened with legacy data silos, 
redundant applications, overlapping functionality, 

brittle proprietary systems, and steep integration costs.
 As financial services firms investigate the merits of SOA adoption, 
wealth management stands out as an example where SOA is hav-
ing a positive effect. The wealth management business, including 
banks, broker-dealers, and insurance companies that service high 
net worth (HNW) clients, has demonstrated how SOA can improve 
firm efficiencies through improved advisory productivity, decreased 
IT costs, and increased revenues. 

The Wealth Management Challenge
 For a wealth services firm to differentiate itself from its com-
petitors, it needs to improve client service while at the same time 
growing new business. On both counts, wealth advisors face several 
information challenges. In the last two years, the time advisors 
spend on administrative tasks has increased by 31%, according to 
the BusinessEdge research group, reducing their client-facing time 
for acquisition and retention. 
 Administrative time has increased for several reasons. First, the 
number and complexity of investment products available to HNW 
investors has expanded dramatically in the past few years, complicat-
ing the advisor’s task of getting clients invested. Second, compliance 
burdens have grown, requiring advisors to document and maintain 
additional client information. And third, many wealth management 
firms haven’t been able to offer their advisors streamlined and auto-
mated systems to simplify and reduce their administrative tasks. 
 To do their jobs, advisors require continuous access to a wide 
variety of information and tools, including up-to-date client data, 
multiple disparate legacy applications, decentralized or non-exis-
tent investment product catalogs, indicative data, and compliance 
documentation. To conform to client-directed investment policies 
and compliance regulations, client data needs to be housed in a 
centralized client profile to eliminate potential errors due to re-key-
ing data at various points in the advisory workflow process. 
 Wealth managers, many of whom are licensed to sell only certain 

investment vehicles, also need an integrated desktop environment 
with embedded best practices to ensure that the advisory team oper-
ates within the client investment constraints and compliance envi-
ronment. Multiple disparate applications can’t provide this holistic 
and conformant approach to the wealth management discipline.

An SOA Approach
 SOA dramatically simplifies the wealth management challenge. 
The wealth management discipline is primarily a front-office 
endeavor, so the challenge is consolidating information across mul-
tiple, disparate mid- and back-office applications and data silos. 
Financial advisors demand a single consolidated view of all client 
and product information as well as application workflows that use 
this consolidated data view.
 There are two options to provide this consolidated view. The data 
can be replicated into a single database, an expensive and time-
consuming endeavor, or firms can build their data model around 
SOA, which allows mapping individual portions of the data model 
directly onto back-office systems. SOA leverages data from exist-
ing systems of record to avoid data replication and discrepancies. 
For example, CRM-stored information such as client information, 
client service events, entitlements, and security policies can be 
seamlessly passed into advisory workflows.
 Another benefit of SOA in wealth management is distribution. 
Distribution in SOA takes a portion of the data model and exposes 
it to more loosely coupled systems in the enterprise. SOA provides 
an enabling technology for consolidation of data, essential for the 
wealth management discipline, and provides a mechanism for 
distribution, making for a more open enterprise.
 SOA also allows firms to purchase and deploy only the modules they 
need, rather than buying a complete system that may replicate data 
and applications they already have. The isolation of specific applica-
tion functionality into services provides the ability to deploy not only 
the portion of the desktop appropriate for the client, but also the por-
tion of the underlying application architecture needed for the desktop. 
 The multi-service integration framework of SOA can integrate 
all types of services into the advisory workflow − from granular 
services like calculators to full-blown investment planning applica-
tions. This lets companies leverage their own front-office portal 
with applications and services already purchased or built in-house.
 For a wealth management firm, SOA can drastically reduce inte-
gration costs and have a direct impact on revenue generation. For 
instance, an XML import tool can integrate third-party wealth man-
agement products and schemas, creating a company-wide product 
catalog that expands the breadth of product information available 
to advisors, enhancing their ability to generate new business.
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SOA for Client Services
 Before service-oriented wealth management platforms existed, 
firms had to invest heavily in middleware to link back-office data 
and applications such as portfolio accounting systems, security 
masters, and ledger systems. Implementing middleware was 
complicated, very expensive, and challenging to maintain. More-
over, middleware didn’t adequately address the growing number of 
unintegrated point applications that were springing up in the front 
office to serve financial advisors’ needs. 
 The SOA-enabled enterprise eliminates redundant point applica-
tions and unnecessary middleware by leveraging existing systems 
and administrative staff. Moreover, the flexibility of the SOA-en-
abled enterprise allows for a flexible IT roadmap where legacy 
systems are systematically decommissioned, and data and appli-
cation silos are opened up to other uses. As industry regulations 
continue to evolve, SOA is a flexible architecture more adaptive 

than a conventional architecture to new and changing compliance 
requirements.
 SOA technology offers the promise of transforming how the 
front-, middle-, and back-office systems are connected. Advisors no 
longer need to access multiple separate applications. SOA facili-
tates a unified advisory desktop that reduces advisors’ adminis-
trative time so they can spend more of it acquiring and servicing 
clients. In this way, SOA technology is a powerful and essential tool 
for transforming the wealth management business overall.
 For the wealth advisor and client-service professionals in all 
industries, SOA means better customer service through increased 
transparency and better consolidation of data and functionality.  

About the Author
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 And we’re drinking our own champagne because to enable cross-
channel selling of all of our built and bought products, we’re in the 
process of implementing our own SOA-based multi-channel selling 
solution right on top of our existing systems. By deploying this we can 
offer all of our acquired products alongside our existing product lines 
through one customer and partner interface. We can quickly launch 
new prices and bundles in the marketplace to accelerate sales of exist-
ing and new products through all of our channels.

SOA: A Framework for Post-Acquisition Renovation
 SOA-based business-to-business integration lets companies create, 
manage, and deploy any business service across any channel – inside 
or outside enterprise boundaries – and assist with all the growth strate-
gies mentioned above. By first applying an SOA for interfaces outside 
companies, two merging businesses can provide a unified front to 
external parties and begin harvesting opportunities for growth long 
before welding together internal systems and processes.
 When companies are considering SOA strategies, they should 
start with revenue-producing projects that connect to partners, 
suppliers, and customers. Focusing on growth maximizes share-
holder value. Companies should apply integration to one business 
problem at a time – but they can shorten the time it takes to do this 
by using an SOA strategy. Applied thoughtfully and incrementally, 
SOA helps companies successfully complete post-merger integra-
tions by allowing systems to interoperate without restructuring the 
enterprises or replacing the underlying infrastructure.  
 Enterprises have complex, interwoven underlying IT systems simi-
lar to the utility, transportation, and plumbing systems of a city. SOA 
is a framework for renovating enterprise systems so that, when they 
merge, they can be quickly and cost-effectively rerouted, combined, 
and reallocated without having to weld code together haphazardly or 
dig up hardware, rip it out, and replace it. SOA is the key to achieving 
rapid interoperability, which keeps critical systems such as sales and 
customer service running and optimizes the deployment of existing 
assets toward priority growth opportunities.

Custom Integration No More
 With SOA, internal systems and processes may never need to 

be manually integrated again. At least, not in the way they are 
today – with an army of developers connecting disparate legacy 
systems with custom code that breaks with each application or 
server upgrade. At the same time, with SOA, old business processes 
need not be maintained when they have outlived their usefulness. 
Implementing SOA can eliminate the need to change old systems 
or processes, while making the implementation of new systems and 
processes faster and cheaper. This is especially important during an 
acquisition, when systems and processes are scrutinized for overlap 
and compatibility between the two organizations.
 In this way, SOA can be the best framework for renovating enter-
prise systems. By using SOA to decrease the time it takes to develop 
new systems or integrate existing systems, executives can focus on 
streamlining the communications between companies to ensure 
that critical information is being shared quickly and accurately 
among their communities of partners, suppliers, and customers.

Do’s and Don’ts of Post-Acquisition SOA
 Here are some do’s and don’ts for putting SOA to work to opti-
mize the acquisition integration outcome and keep the business 
focused on growth:
1. DO focus SOA projects on revenue acceleration
2. DON’T use SOA merely to integrate systems to reduce IT costs
3. DO interoperate and integrate internal processes through SOA
4. DON’T just focus inside the enterprise. Find a process that links 

to customers, distributors, partners, and suppliers. 

 Ultimately, companies can leverage SOA to take an incremental 
approach to M&A integration that puts energy and resources behind 
growth – not cost containment or back-end wiring – while laying a 
foundation that will let the enterprises adapt to ever-present M&A 
activity in the global economy. The key is to use SOA first to facilitate 
external processes that enable growth at acceptable margins.  
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  Service Oriented Architecture (SOA) has been discussed as 

an important architectural style for the last few years. Organi-

zations have started to develop service-oriented solutions and 

many are now leveraging services in their production environ-

ments. 

S
OA introduces new technical complexities and challenges 
and makes testing a critical component of the develop-
ment lifecycle. Teams need to think about:

• How do you know if the solution is ready?
• How do you know that it will scale to accommodate future needs?
• How do you know that you can actually get the business flexibility 

that SOA promises?

 These are all questions testing should answer, but many test 
teams aren’t experienced yet in testing service-oriented solutions.
 This article contains a set of recommendations, with a rationale, 
that will help you to mitigate the issues that arise in testing an SOA 
solution. The recommendations are based on experience gained 

over the last three years through involvement in a number of SOA 
projects.
 The recommendations form the main part of the article, but first 
we’ll provide an overview of what SOA is and what challenges the 
test team must consider.

SOA Solutions
 To think about testing SOA solutions, it’s important to start with 
a clear idea of how a SOA solution is constructed. This is illustrated 
in the Figure 1, which is taken from the SOA reference architecture 
developed by IBM and used by The Open Group as the basis for an 
open standard SOA reference architecture.
 Typically, a SOA solution consists of a set of services that are 
orchestrated into business processes using capabilities provided 
by middleware. Each service may be composed of other services or 
may be atomic.
 The services are invoked by service consumers such as portlets 
in a portal or external applications in a business to business (B2B) 
solution. The individual services are likely to be called in some or-
dered sequence, probably involving decisions (branching) and go-
ing back to previous steps (looping), with a good chance that there 
will be times when handing a task to a person and then waiting for 
a result is required.
 Services are actually facades for underlying IT assets, which may 
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be part of existing (pre-SOA) operational systems, or may be spe-
cially created service components. These components provide the 
implementation or “realization” for the services, and may be newly 
created or may provide access to capabilities of existing opera-
tional systems. (It’s often better to insert these service components 
between the services and the existing systems than to access the 
existing systems from the services directly.)
 Besides the services and their implementations, an SOA solution 
also contains functionality relating to service and component inte-
gration, quality of service, information management, and gover-
nance.

Testing SOA Solutions
 The goals of testing remain the same as for non-SOA solutions, 
but SOA testing requires that testers add to their skills. It also 
requires changes to how testers approach testing and what tools 
are used. There are a number of characteristics of SOA solu-
tions that affect the nature of testing, at all levels. Besides the 
traditional levels of unit test, integration test, etc., SOA testing 
requires testing at two new levels we’ve not previously had to 
think about:

• Testing of services, the facades in front of provider components.
• Testing of orchestrated processes, invoking many services.

 What else is special about testing service-oriented solutions? 
Here are the main characteristics that make testing different for 
SOA:

• Services can be independently developed, changed frequently, 
intended to be reusable but must still work together to provide 
the total solution. A service may have been unit-tested and work 
on its own but, when it’s added to the larger system, its interac-
tion with other components poses additional integration testing 
challenges. 

• Services can be “GUI-less” and testers require a mechanism to 
invoke and test the service without a traditional user interface.

• Services can be implemented using different technologies, which 
provide performance challenges.

• Packaged services can provide unique challenges since they’ve 
been created by a third party, and the team doesn’t have total 
control over the design or implementation.

• Due to the way a SOA solution is composed from various services, 
meeting quality of service requirements and problem determina-
tion require special consideration.

• Because multiple services on heterogeneous platforms must 
work together, standards become critical.

• SOA testers must have knowledge of multiple standards and tech-
nologies.

• Many more combinations of use of services will be possible than 
the team can test. Assuming finite resources, resource/test cover-

age decisions have to be made. Risk-managed testing should be 
used. 

• Since services are also intended to be discoverable, they are likely 
to be used in processes and by service consumers not contem-
plated when the service was originally designed. Hence the 
service must be fully encapsulated and do no more or less than 
advertised.

• Performance characteristics must be carefully considered. If a 
service was originally designed for 100 invocations a second, with 
an initial load of 10 invocations a second, what happens when 
other consumers discover and try to use the service? In particular, 
when the load exceeds the design goal, is there a mechanism for 
managing the overload gracefully?

• Service providers are likely to have their own security models, 

with different rules for access and use. The test manager must de-
cide how to confirm that only appropriate access to the services 
underlying a given business process is handled.

 Each of these aspects exists in software systems today posing a 
significant challenge to test teams. What makes SOA unique is both 
the degree to which they exist and the challenge in dealing with all 
of these features in most, if not all, SOA projects. The recommenda-
tions are on the following page.

The Recommendations
 Leveraging experience in a number of SOA projects done over the 
last three years, we have developed a number of suggestions for the 
SOA test team. These suggestions aren’t intended to replace good 
test design, development, and execution. Instead, they’re intended 
to supplement what the test team would be doing in any other large 
complex project. The recommendations are on the following page.

Conclusion
 We hope that we’ve demonstrated some important issues in SOA 
testing, highlighting areas where testing SOA solutions bring new 
challenges. We also hope that our recommendations provide useful 
guidance for you if you are testing a service-oriented solution for the 
first time. We would welcome your feedback on this article and your 
suggestions for improving the recommendations for SOA testing.

Figure 1 A SOA solution stack
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Recommendation Rationale

Establish the test environment(s) early Merely testing the delivery of the service’s capability (function testing) isn’t sufficient. SOA solutions add additional software layers. These typically include:
• An Enterprise Service Bus (ESB)
• A process orchestration engine

They may also include an external security subsystem, a portal subsystem, a Web Services gateway (to outside service providers), and a master data subsystem. It is 
vital to baseline the test environment and ensure that testing the solution doesn’t turn into testing the test environment. Setting up and validating the test environment 
early will minimize this problem.

Plan for incremental testing SOA solutions are based on services and service orchestrations. A waterfall approach to development invites disaster, with problems discovered very late in the proj-
ect timeline. It is imperative to test new services and updated orchestrations as they become available to identify problems early, so that they can be rectified and the 
lessons passed back to the development teams, to improve their processes and approaches.

Test at least one or two end-to-end 
services early in the project

Once the test environment is up and available, it needs to be validated. The best way to do this is to test one or two (more is usually not necessary) services that 
touch all the major elements of the environment. This will let the tester confirm that all parts of the test environment and, by extension, the planned production environ-
ment are working together correctly and that no false assumptions have been made about the environment.

Plan for mock services as stubs to allow 
testing other parts of the solution

Just as various elements of a classical solution will be stubbed out to allow early testing, service-oriented solutions should make use of stubs to enable early testing. 
Be sure to track these stubs and their removal as you move toward production.

Have an enablement plan for the test 
team

SOA solutions are likely to require new skills and knowledge not just on the part of the architects and developers, but on the part of the test team as well. Plan for 
learning; don’t just hope it will happen.

Use tools to support the testing 
process

Testing SOA solutions is complex. As more services are added to the solution under test or as business processes orchestrations are built, many test cases are likely 
to be needed. Using tools to support the testing process improves efficiency. It also reduces testing errors, which improves the quality of the testing results.

Validate the service model early The service model, which is developed by business analysts and solution architects, is the heart of the SOA solution. Validating the model early is critical to ensuring 
that the right solution is built.

Develop a performance model for the 
solution early, including performance 
budgets for the services

Because they involve many software layers and orchestration of services into processes, it’s easy for the performance of a service-oriented solution to suffer. 
Modeling performance against requirements early in the solution design process will highlight areas where special attention is required. In addition, performance bud-
gets (how long a given activity is allowed to take) for the elements of the solution will enable developers and testers to focus attention on problem areas, the ones 
exceeding their budgets, rather than spreading attention of performance engineers across the entire solution.

Test for Quality of Service targets Quality of Service targets for the SOA solution can be tested by using system management software that will be part of the SOA solution.

Take a risk-based approach to testing Like all other activities in a large project, the testing activity probably won’t have unlimited time or resources. This means that testing attention must be focused on 
the most important parts of the solution first. The best way to do that is to evaluate risks in the solution in terms of complexity, the impact of failures, the frequency of 
invocation, etc. Based on a risk evaluation, the highest priority areas can be tested first.

Design service tests without worrying 
about the underlying technical imple-
mentation details

Services are facades over the provider IT components. A tenet of a SOA solution is that these components may change but the service consumers are insulated 
from those changes. Testing services without assuming a particular implementation will help validate that this is true.

Test services for reusability Services are intended to be discovered and able to used by multiple consumers. Consequently, the tester should be concerned about validating that a service can 
be reused.

Don’t forget testing external services Many service-oriented solutions use services from one or more outside organizations. Testing these services early, to confirm that they behave as described, will 
reduce uncertainty and errors in the project development process.

Think process testing, not just service 
testing

Service-oriented solutions bring the questions of process design and development into IT projects in a bigger way than more traditional solutions have. This means 
that the processes, not just the underlying services and IT components, will have to be tested. Testing should be done using process models, describing the planned 
processes as guidance for the behavior of the system. Many process modeling tools provide simulation capabilities that can be used to inform and support the test-
ing processes

Think mediation testing plus service/
process testing

The capability of mediation inside an ESB plays an important role in SOA solutions. This means the testing has to verify that the mediation function works properly. 
Testers have to verify that functions such as dynamic selection and transformation work well in all kinds of situations.
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provides the monitoring and management capability necessary to 
ensure “toll-quality” service all the time. Finally, the session man-
agement function must provide the intelligence so the organization 
can set routing polices based on cost, quality, class of service, or 
other business rules. In short the session management function en-
ables the organization to secure, manage, and control all real-time 
sessions.
 After understanding the requirements for session management, 
the next challenge was to understand how to make it possible for 
developers to build real-time policy into their applications. For 
instance, in a contact center environment the session manager 
would have the information needed to make call routing deci-
sions based on the cost or congestion of a particular route. But the 
business logic determines where a call should be routed based on 
the customer’s need and the location of the support agent with the 
correct skill set. In this case the correct route is selected only when 
session routing policy is influenced by the business logic contained 
at the application layer.
 The answer of course is to ensure that the session manager 
solution provides a standards-based interface that lets develop-
ers exert fine-grained control over session logic from the business 
logic. Most of today’s business applications, whether built for the 
public Internet or for enterprise intranets, rely on a Web-like model 
— centrally hosted applications interacting with distributed user 
devices via the Hypertext Transfer Protocol (HTTP). Moreover, most 
of these applications are based on a layered SOA.
 But to extend the benefits of SOA and Web Services to real-time 
applications and facilitate the implementation of CEA, a session 
management layer is needed (see Figure 1). The session manage-
ment layer combines session border control with application-
level security, session routing, and session management to create 
single point of policy enforcement for real-time applications and 
services. 

Building Real-time Policy into CRM with  
Web Services 
 By adding a Web Services interface to the session management 
layer, developers get the ability to exert dynamic, fine-grained, 
policy-based control over real-time communications (see Figure 2). 
For instance, they can specify that certain VoIP calls should follow 
least-cost routes while others are routed to maximize quality. Act-
ing as a policy gateway, the session management layer also assures 
compliance with security, regulatory, and business policies. To 
satisfy Sarbanes-Oxley, for example, the session management layer 
could log all inter-enterprise instant messages. To control costs, it 
could block international phone calls by unauthorized users.
 With this particular customer, the objective was to improve the 
sales process by embedding voice call and control into its CRM 
application. Working with Covergence, the enterprise created a CEA 
solution that functions as follows:

a, The broker could come out of a morning meeting briefing with 
new research or information about certain stocks that he wanted 
to share with his customers

b. He could log into the CRM system to pull up all of his customers 
who are interested in that stock 

c.  The broker would then click-to-call them from the CRM system 
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 Covergence is the creator of Eclipse, an award-winning series 

of next-generation session border control solutions. Recently, 

the company unveiled the Covergence Policy Manager, a policy 

enforcement solution for real-time applications. 

U
sing Policy Manager, organizations can now build ses-
sion policy enforcement into applications that include 
VoIP, video, IM, presence, conferencing, shared work-
spaces, and other forms of real-time communications. 

This case study details how one major financial institution lever-
aged the Covergence Policy Manager to improve communications 
between customers and the sales force by integrating call control 
and call policy into its CRM system.
   Enterprises and service providers alike are entering a new era of 
communications-enabled applications (CEA). By integrating busi-
ness applications with real-time communications, CEA streamlines 
many business activities and helps companies serve their custom-
ers more responsively. The movement to CEA is enabled by two 
major trends: The growing popularity of Service Oriented Architec-
ture (SOA) for business applications and the widespread adoption 
of SIP-based real-time communications, including voice, video, and 
presence. But an additional enabler is needed to make CEA a se-
cure, cost-effective reality: SOA-compliant, policy-based, real-time 
session management. 
 Like any IP application, VoIP and other real-time services must 
be secured, controlled, and managed. However, real-time applica-
tions pose a unique challenge in that voice, video, and other real-
time media are highly sensitive to the latency, jitter, and packet loss 
that are common in IP networks. Unlike e-mail or Web browsing, 
where a few seconds’ delay or an occasional resend go unnoticed, a 
small delay or the loss of a few packets can make an audio or video 
session unusable. Therefore, real-time session management solu-
tions are designed specifically to execute policy functions without 
degrading performance or compromising quality.
 While CEA and dynamic real-time session management may 
sound “visionary,” enterprises and service are implementing these 

solutions today. This case study examines how one major finan-
cial institution recognized that the efficiency of communications 
between customers and the sales force could be improved signifi-
cantly by integrating voice capability and call policy into its CRM 
system to improve the efficiently of the selling process. Working 
with Covergence, this company, which operates in a highly regu-
lated environment, was able to reap the benefits of CEA. 

The CEA Challenge
 There are two challenges that must be addressed to deploy 
communications-enabled applications successfully. The first is to 
understand the need for and the role of the session management 
function. As shown below in Table 1, the session management 
function must provide comprehensive security to protect against 
attacks/intrusions and to ensure the confidentiality, integrity, and 
authenticity of communications. It also must ensure that the orga-
nization has complete control over all communications to enable 
compliance with internal policies or external regulations. It also 
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Multi-vendor protocol normalization

SIP-aware NAT traversal

Corporate directory integration

Protocol repair and CODEC transcoding
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Cryptographic authentication

Signaling and media encryption

Stateful signaling and media validation
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Signaling and media control

Quality of service (QoS) control
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File transfer recording
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Application-aware session routing

Policy-based call routing
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Multiple routing constraints cost, quality, pre-

cedence, bandwidth, etc. 

Table 1: Session management features

Figure 1: A session management layer must be added to today’s SOA architec-
ture to facilitate CEA.

Figure 2: Web Services Code Snippet to Start a Call 

Figure 3: Session management policy components make it easier for the devel-
oper to embed real-time policy into applications 
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provides the monitoring and management capability necessary to 
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 The answer of course is to ensure that the session manager 
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satisfy Sarbanes-Oxley, for example, the session management layer 
could log all inter-enterprise instant messages. To control costs, it 
could block international phone calls by unauthorized users.
 With this particular customer, the objective was to improve the 
sales process by embedding voice call and control into its CRM 
application. Working with Covergence, the enterprise created a CEA 
solution that functions as follows:
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that are common in IP networks. Unlike e-mail or Web browsing, 
where a few seconds’ delay or an occasional resend go unnoticed, a 
small delay or the loss of a few packets can make an audio or video 
session unusable. Therefore, real-time session management solu-
tions are designed specifically to execute policy functions without 
degrading performance or compromising quality.
 While CEA and dynamic real-time session management may 
sound “visionary,” enterprises and service are implementing these 

solutions today. This case study examines how one major finan-
cial institution recognized that the efficiency of communications 
between customers and the sales force could be improved signifi-
cantly by integrating voice capability and call policy into its CRM 
system to improve the efficiently of the selling process. Working 
with Covergence, this company, which operates in a highly regu-
lated environment, was able to reap the benefits of CEA. 

The CEA Challenge
 There are two challenges that must be addressed to deploy 
communications-enabled applications successfully. The first is to 
understand the need for and the role of the session management 
function. As shown below in Table 1, the session management 
function must provide comprehensive security to protect against 
attacks/intrusions and to ensure the confidentiality, integrity, and 
authenticity of communications. It also must ensure that the orga-
nization has complete control over all communications to enable 
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d. If his call went to the customer’s voice mail the broker could click 
another button to have a customized voice mail delivered. The 
broker is then ready to call the next customer

e. If the customer takes the call the broker could speak with him 
while all the relevant information about the customer’s holdings 
are displayed from the CRM system

 In this use case, the process is optimized because the broker only 
spends time speaking with customers, not leaving voice mail. Also 
his conversations with the customer are contextualized because he 
is looking at all the information he has on both the customer and 
his recommendations. 
 With robust session management accessible via familiar SOA 
component interfaces, the company was able to implement CEA 
quickly and cost-effectively. 

Evolving Web Services to Java Components 
 Over time it became apparent that certain combinations of Web 
Services could be grouped together into Java components and that 
this would make it even easier for developers to embed policy into 
applications. Components are self-contained, reusable software 
units that can be customized easily and assembled into composite 
components.
 Moving to a component model provided two key benefits. The 
first benefit was that the component model made it even easier for 
developers by insulating them from the policy model expressed in 
the XML document shown in Figure 2. In Figure 3 we present the 
new component interface used both to initiate and record a voice 
call. You can readily see how one line of code (CallControl.makeCall 
[“sip:ted@abc.com”, “sip:bob@def.com”,true]) is much easier to 
understand conceptually than a hundred lines of XML. So compo-
nents make session management more approachable for develop-
ers by shielding them from the internal details of session manage-
ment.  
 Another benefit of moving to the component model is the 
increased extensibility and customization that the model brings 
to developers. Components use the properties, methods, and 
events model. Properties can be thought of as an object’s at-
tributes (the set of things that describe the object), methods as 
its actions or what the object can do for you, and events as its 
response or the code that’s executed when a certain situation or 
event occurs. 

 

Components are dynamic in that they can be readily changed 
or customized. Through the design mode of a builder tool the 
developer can modify the properties of the component to custom-
ize it. They can also modify its appearance and behavior, define 
its interaction with other components, and combine it and other 
components to create a new composite component. 
 By creating new powerful components that aggregate together 
some of the more frequently used Web Service calls the company’s 
application programmers don’t have to learn the details of session 
management or debug XML code. They can set dynamic real-time 
policies by writing a line of Java instead of hundreds lines of XML. 

The Result
 Ultimately, the institution discovered CEA implementation. Mak-
ing session management an integral part of the application infra-
structure gives business applications dynamic, fine-grained control 
over real-time communications. Basing session management on 
the SOA model minimizes the time and cost required to implement 
CEA. And building in stringent policy enforcement ensures that all 
real-time activities comply with security, regulatory, and business 
policies.
 As this case study illustrates, by integrating real-time com-
munication with business applications, CEA can boost employee 
productivity and reduce operating costs simultaneously. It can also 
make companies more responsive to ever-changing business and 
customer requirements. The best way to implement CEA is to make 
real-time session management part of a company’s existing SOA/
Web Services architecture. By adding a robust session manage-
ment layer and making it accessible to applications via familiar Web 
Service protocols or through customizable components companies 
can leverage their developers’ existing skill sets and make a quick, 
cost-effective transition to CEA.  
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 Which of these approaches should to be applied to a given 
service architecture is purely a function of the application and 
the business use case. In complex enterprise environments, the 
extremes of the scale – i.e., handling all versions or not handing any 
versions implicitly – limit the value of the system and adversely af-
fect coupling, manageability, and extensibility and affect the long-
term return on investment. For example, with the Big Bang scheme, 
since S

1
 is coupled to C

1
 any change to it will ripple through all the 

consumers or require the development and deployment of a new S
2
 

service that now can only be consumed by consumers C
2
. The back-

ward- or forward-compatible schemes and the change associated 
with them provide the most value and flexibility for a SOA.
To decompose the problem further, let’s distill the meaning of this 
change. Given a Web Service contract, change can be incremental, 
decremental, or transparent.
• Incremental change: Involves adding – new optional headers, 

operations, input or output messages (as long as they result in a 
new operation), new schema types or adding to existing types, or 
introducing new policy assertions.

• Decremental change: Involves removing or renaming required 
headers, operations, input or output messages, or their order 
from operations, schema types, structures from existing types, or 
removing policy assertions.

• Transparent change: There’s no change in the interface or con-
tract with the consumer however the service implementation or 
behavior is changed.

 In general incremental changes are backward-compatible and 
decremental changes aren’t. Deprecating parts of a service contract 
is different from decrementing it – decremental changes result in 
breaking backward-compatibility and have to be addressed out-of-
band. Compatible changes would be the same as those applicable 
to a programming language. For example, the Java Serialization 

specification lists compatible changes as changing the implemen-
tation of a method, adding new methods, adding new instance 
variables and incompatible changes such as changing the type of a 
variable or moving a class in an inheritance hierarchy.
 From an architect’s perspective, given incremental or transpar-
ent change, backward/forward-compatible versioning schemes for 
service implementation and deployment can be broadly be put into 
two main categories that can be characterized:
• Invocation context-based versioning
• Invocation content-based versioning

 We’ll examine these from the service producer and service con-
sumer perspectives.

Invocation Context-based Strategies
 These strategies rely on discriminating versions of Web Services 
based on the context under which the services are invoked. An 
invocation context can be construed either from a deployment 
context, physical endpoint location, or combination of both.
The advantages of context-based strategies include flexibility to 
introduce intermediaries and additional layers of value-added ser-
vices like content-based routing, the flexibility to provide separate 
infrastructures to manage scalability, reliability, and availability, or 
introduce network-based SOA appliances.

Implementation Scenario
 From a service consumer’s perspective the different versions are:
• Version S

1
 of a service is available at location L

1
 (http://host:port/

myservice/v1)
• Version S

2
 of the same is available at location L

2
 (http://host:port 

/myservice/v2)

Or some other variation of this scheme – for example:
• Version S1 of a service is available at location L

1
 (http://host:

port1/myservice)
• Version S2 of the same is available at location L

2
 (http://host:

port2 /myservice)

 Both these strategies rely on deriving the context based on com-
binations of host, port, and URL pattern in the endpoint address. 
The latter separates version concerns by deploying on a different 
host or opening additional ports. This is generally suitable when 
a version of the code is being completely retired, maintained by 
different groups/teams, or has significant underlying dependency 
differences. It may also be suitable for certain containers where the 
deployment model for EAR files is port-based.
 From a service developer’s perspective both these service end-
points can be implemented by the same class or a class hierarchy 
if the operations are being overloaded (effectively introducing 
incremental change). However, separating the endpoints allows the 
implementation to determine the consumer version at runtime by 
deriving it either implicitly or explicitly from the invocation context.
 For example, a document-based Web Service that accepts docu-
ments based on a purchase order schema and returns a document 
based on the status schema is shown below in Figure 2 and the 
relationship between the schemas is shown in Figure 3.
 This service S

1
is built and deployed at http://localhost:8080/ver-

Figure 1

Figure 2 Sample service

– CONTINUED FROM PAGE 6
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sionop1/v1. A new version of the service now needs to have addi-
tional operations and handle orders from different customer levels 
(gold/silver etc.). These incremental changes are introduced into 
S

1
in the form of a new operation and data types as shown in Figure 

4, and the resulting service S
2
 is deployed at http://localhost:8080/

versionop2/v2. The schemas remain in the same namespace. Con-
sumers C

1
can use S

1
 or S

2
, if they are aware of the new service. C

2
 

can use either S
1
 or S

2
 for existing functionality and only S

2
 for new 

functionality

Invocation Content-based Strategies
 Invocation content-based implementation strategies rely on 
discriminating service versions based on the message payload, 
message headers, or combination thereof. The service implemen-
tation retrieves this information and makes invocation decisions 
transparent to the service consumer. 
 An invocation content strategy based on payload versioning 
is better suited to Document Based Web Services, particularly 
those that rely on industry standard schemas since they already 
tend to contain payload- or namespace-based version informa-
tion. The notion of payload-based versioning is analogous to how 
Java classes uses serialVersionUID during serialization to version 
classes. Evolving the payload though schema versioning is a well 
understood problem and a few different design techniques exist to 
ensure that schemas and their corresponding document instances 
are both backward- and forward-compatible. 
 For example, the Must Ignore extensibility strategy requires 
schemas to incorporate extensibility points into the design, allowing 
extension elements to be added to the schema types and attributes 
to each element. In a service consumer’s perspective there is only 
one physical endpoint and the schemas contain provisions for 
extensibility of types and attributes. This usually means incorpo-
rating an xsd:any element that lets the complex types be extended 
with elements not specified by the initial schema. For example, the 
PurchaseOrder type in Listing 1 contains such an extensibility point 
and a subsequent version in Listing 2 adds to it using an OrderLevel 
complex type. The endpoints must cater to the presence or absence 
of extensions for backwards-compatibility (e.g., use default values). 

In a service developer’s perspective nothing changes between ver-
sions. Existing consumers unaware of the new OrderLevel ignore this 
extension by default whereas new consumers may choose to use it. 
A sample JAX-WS service and client using this schema are provided 
the code.
 This strategy is also known as hotfix versioning and generally 
tends to increase overall complexity. Other techniques for payload 
versioning include versioning schema with selective namespaces or 
adding version or identifiers attributes to individual types them-
selves. Deploying an updated implementation of a Web Service 
creates a net-new current version. However, since the change is 
incremental or transparent, existing service consumers aren’t af-
fected and only consumers aware of the change can leverage it. 
Irrespective of the underlying technique, solely relying on payload 
versioning tends to increase system complexity and maintainability 
because it depends on internalizing the versioning capabilities into 
the data model and system design in a predetermined manner. 
 The other family of invocation content-based strategies relies on 
the use of SOAP header blocks. Header-based versioning is commonly 
used for services that rely on the application of different business 
rules for different versions and typically don’t rely on parsing the 
payload. The endpoint or intermediaries on the wire can promiscu-
ously inspect headers and make routing or implementation decisions 
respectively. However, one use case where this may not work is the 
use of RESTful services that don’t contain a SOAP header block. In a 
service consumer’s perspective there’s only one physical endpoint 
but at invocation it determines and introduces the necessary version 
information into the headers. In a service developer’s perspective the 
endpoint implementation contains the logic to retrieve the version 
information from the header. It has to account for cases where there 
may be a mismatch between the header and the corresponding 
payload. For example, if a consumer sends an incorrect version with 
a correct payload or vice versa. The JAX-WS PurchaseOrder service 
implementation based on headers can be found in the sample code 
and a sample SOAP request is shown in Listing 3.
 In conclusion, the realization of a SOA increases business value 
by increasing agility. However, change in the form of business and 
technical requirements is a constant in large enterprise environ-
ments and agility depends on being able to respond to this change 
in a timely manner. As described here, there are a number of strate-
gies available based on the invocation context, content, or their 
combination and depending on the architectural requirements 
some may be more suited than others. The versioning problem is 
complex and no single strategy can satisfy all use cases but to ex-
tract maximum value from their Web Service implementations and 
mitigate risk early, architects need to think about the versioning 
issues beforehand rather than as an afterthought. 
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Avoid VDA! (Vendor-Driven Architecture)

W
hen looking at technology buying patterns in the 
world of SOA, there’s one common thread. The Global 
2000, and many government agencies, are purchas-
ing from their existing vendors, no matter what the 

needs or requirements. I call these solutions purchasing “comfort 
technologies” since they consider the relationship with the vendor 
more than the value of the technology itself. It’s comforting to deal 
with the same company, people, and platform. 
 Moreover, many of these same companies working with “comfort 
technologies” are also allowing the vendors to design and define 
their solution. I call these vendor-driven architectures or VDAs but 
they are always called a bad idea if you understand the core issues.
What’s most disturbing is that this seems to be an emerging buy-
ing pattern. Architects are making the “SOA deal” with a vendor 
in hopes some magical technology emerges from the box that will 
suddenly make their existing poorly defined and design architec-
ture, agile, loosely coupled, and return quickly on the investment. 
Won’t happen without work, and there is no magic technology that 
can enable SOA. It’s an architecture not a technology after all.
 What this means in the long run is failed SOAs where the blame is 
put on the concept, perhaps the product, but never the architecture 
or the architect, where and when the work needed to get done. While 
we’ve made similar mistakes over the years, and are paying the price 
right now, we risk history repeating itself, if we’re not careful. 
 The influence of the larger SOA vendors is very much a force in 
the market today so learn to discriminate. It may not be what you 
want to hear, but ultimately it’s the right thing to do. The first step is 
to learn to recognize VDA, and don’t let it kill your SOA before it has 
a chance to do some good. There’s too much at stake.

Moving Out of Your Comfort Zone
 So, why are organizations looking to their “comfort vendors” and 
“comfort technologies”? It’s a matter of the path of least resistance 
and lack of education.
 Path of least resistance because the relationship is already estab-
lished and you don’t have to go through the hassle of getting to know 
new players or many new players. So it’s easier to buy the latest SOA 
stack from good old Bob than it is to go through the detailed require-
ments, analysis, and design required to build an effective SOA.

 And many people who purchase technology don’t know the first 
thing about SOA, or even their own requirements and business driv-
ers for that matter. An effective knowledge transfer project is needed 
to understand the basics of building a SOA, like figuring out your own 
requirements, including a semantic-level, service-level, and process-
level understanding of the problem domain or enterprise. Then, and 
only then, should you begin pinging vendors, including your comfort 
vendors about what technology may work best for you, considering 
that in many cases it will be a collection of technology from many 
vendors. For sure, not comfortable, but necessary.
 Of course beyond the issue of always leveraging the same “com-
fort vendors” is the issue of vendors actually creating the architec-
ture for the enterprise. This is wrong on so many levels it’s difficult 
to know where to start but it’s part of the impact those millions of 
marketing dollars spent larger SOA vendors is having. There are 
three major areas of concern:

First, the vendors who drive “SOA certification” programs. While 
these programs are sold as an objective SOA education, it’s a way 
to get into deals and lead students to the promised land of the 
vendor’s SOA technology stack. Not that this is a trick, it’s not. They 
are merely acting in their best interest, but in many cases it may not 
be yours   

Second, technology vendors who actually define, design, and 
build your SOA. The issue here is the fact that you’re typically going 
to end up with that vendor’s SOA stack. So you’re missing oppor-
tunities for efficiencies that may come from other technology that 
may not be considered because it’s not in the best interest of the 
vendor who’s building your SOA to consider them.

Third, SOA vendors that sell “one-stop shopping” for SOA. While 
the “super SOA stack” approach is getting a lot of play considering 
the amount of marketing dollars behind those vendors, it’s typically 
never the optimal solution for your requirements. Indeed, architects 
aren’t doing their job if they simply point at a vendor and say yes, 
it’s best if they understand the requirements, tactical and strategic, 
before defining the proper solution, and then and only then, select 
the technology that’s optimal. Sorry, no “one-stop shopping.”  
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