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'eb Services for Remote
Portlets, or WSRP, was
recently approved as a

standard by OASIS. Although a
number of Web services stan-
dards are being worked on by dif-
ferent OASIS technical committees (TCs) —
around Web services orchestration, manage-
ment, security, reliable messaging, and ebXML —
WSRP is particularly interesting as it brings out
the benefits of open standards-based Web stan-
dards to the world of enterprise portals.

To understand what WSRP is all about, it’s
important to understand portals. Consider a
financial services company, for example your
bank. You typically have a savings and/or check-
ing account. Once you've developed a decent rela-
tionship with your bank, you usually end up using
additional services such as credit cards, bill pay-
ment, mortgage/student/auto loans, and so on.
With the advent of e-business computing, a num-
ber of these services are available online through
your bank’s Web site. Typically, since these appli-
cations serve an individual purpose, they stand
alone and have their own user interfaces.

But wouldn't it be nice to have all the applica-
tions available in a single application as a bunch
of modules, under a common look and feel,
using the same user profile information (includ-
ing user IDs and passwords)? Also, if the various
applications were available as “pluggable mod-
ules,” it would be really nice to be able to person-
alize your view of the bank. The three Ps — pres-
entation, profile, and personalization —are where
portal technology began.

A portal is a framework that allows a company
to create a unified presentation mechanism that is
used to deliver key applications in a personalized
manner to its users. The users can be customers,
employees, business partners, or investors. The
mini-applications launched from a portal are spe-
cialized views of the main application, providing
key information that would be of immediate
interest to the user within a unified portal. These
mini-applications, or views, are called portlets. (It
is important to point out that some vendors call
them Web parts, others gadgets.)

Following in the footsteps of the popular
public customized/personalized portals such as
My Yahoo, a set of “pure-play portal vendors,”
including Plumtree and Epicentric, quickly
brought the portal to the enterprise. The term
Enterprise Information Portal (EIP) was coined
and an integrated set of technologies including
the three Ps was integrated into a “portal server.”

Going forward, portals were further broadened
to include other capabilities such as customiza-
tion, content management, and collaboration.
Quickly the platform vendors realized that por-
tals were key aspects of their platform growth
strategy. Through internal organic growth or
through acquisitions, they established portal
server strategies tightly integrated with their own
applications and/or database servers. Today, the
portal technology landscape is quite broad and
includes platform, application, and pure-play
vendors such as BEA, IBM, Microsoft, Oracle,
PeopleSoft, Plumtree, SAP, Sun, and Vignette.

So how does WSRP fit into all this? Until now
vendors didn't really have a standard architec-
ture for developing portlets. Based on your ven-
dor’s technology, you ended up developing
portlets using their proprietary SDK, and if for
some reason you needed to support another por-
tal architecture, you would end up rewriting it.
Also, until now there wasn't a consistent architec-
ture/methodology followed by the vendors to
loosely separate the portlets from the portal serv-
er. Typically, enterprises would develop portlets
to their own applications and install them right
on top of the portal server. This was okay for ini-
tial deployment, but when you scale to the 10s
(and even 100s) of applications typically avail-
able in a large corporation, the local portlet
model doesn' really scale. Some of the vendors
designed/implemented their own “remote port-
let” architectures, but again these were very ven-
dor-specific. How will WSRP benefit us? WSRP
provides us with a standards-based architecture,
where a portal can truly be implemented in a
“shared services” mode and a common IT infra-
structure/architecture group can initiate the
portal-based application deployment strategy
and other internal groups can rapidly build their
own WSRP-compliant portlets and get “hooked-
on” to the portal. The model will also be very
interesting for scenarios in which cross-enter-
prise portlets are used.

You can get more information on the WSRP
standard development, including the specifica-
tion, at the OASIS Web site, www.oasis-open.org.
Also, | plan to closely follow the standard devel-
opment, tracking the support and implementa-
tions, portlets, etc., at http://wsrp.info. :g
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his column may require a

I little patience on your
part, but I think it will be
worth it in the end. Let’s start
with a simple premise: within a
year, nearly everyone reading
these words will be deeply impacted by Sar-
banes-Oxley, yet many have never heard of it.
The purpose of this note is to offer you a preview
of what's to come. In other words, a wake-up call.

First of all, who or what is Sarbanes-Oxley?
Simply put, the Sarbanes-Oxley Act (SOA) is the
federal law that was put in place last year in
response to the scandals at Enron, MCI, and
other large public corporations. The law con-
tains a wide variety of provisions around
improving corporate ethical behavior, includ-
ing assurances that companies’ financial state-
ments accurately reflect the state of their busi-
ness. And it puts teeth into those provisions
with heavy fines and prison for senior execu-
tives if their companies do not comply.

Why, then, is this month’s guest editorial in
XML-Journal about federal legislation? After
all, this is a technology magazine. Why isn't this
a technical editorial about the Semantic Web,
RSS, or InfoPath? Well, sometimes it’s better to
come out from under the technology, and
remember why we build this stuff. Usually, the
reason is to serve a business, quite often an
American public company. If you work for such
a company, then you need to understand the
implications of Sarbanes-Oxley, because its
provisions apply to every publicly traded
American company.

Remember Y2K, and the pervasive impact it
had on all of our lives just a few years ago? Sar-
banes-Oxley is every bit as pervasive as Y2K,
but it has no end. Every system that impacts
your company’s financial statements — even
indirectly — will be impacted by Sarbanes-
Oxley, presumably forever.

This brings us to the burning question:
“How does Sarbanes-Oxley affect me?” After
all, this magazine targets XML technologists,
and Sarbanes-Oxley is just about reporting
accurate financial numbers, right? Actually, no.
And it’s here that the subject gets interesting.

What is XML all about? Integration of
course. XML provides a platform-independent
mechanism to integrate disparate, heteroge-
neous computer systems. What is Sarbanes-
Oxley compliance all about? Well, it’s about the
integration of information across large, hetero-
geneous organizations in a highly controlled
manner. Sound familiar?

Consider this. A key provision of the Sar-

banes-Oxley Act (a provision known as Section
404) is that companies must (a) document every
business process that impacts their financial
reports, and (b) put systematic controls into
place that ensure that these business processes
produce accurate data. Sounds simple, right? All
you have to do is document every single process
in your global, multibillion dollar company, and
then put controls in place to make sure that the
processes execute flawlessly. And if you get it
wrong, you can go to jail. As you can imagine,
companies are scrambling right now. And mat-
ters are only made worse by the deadline for
compliance, which for most companies is 2004.

So how will these controls be implemented?
| thought you'd never ask.

Many business process controls are being
implemented today with manual solutions,
such as spreadsheet-based data consolidation,
checklist procedures, and other similar solu-
tions. Given the time pressures of Sarbanes-
Oxley, and the enormity of the task, there is
simply no alternative to these manual, one-off
answers. But how long will these manual con-
trols be allowed to exist? After all, like nearly all
manual systems, they will be expensive to
implement and monitor, prone to failure, and -
most important — they simply will not scale
well. Remember that these are controls that
must cross organizational boundaries, diverse
geographies, and heterogeneous systems.

| believe it is self-evident that the CFOs and
corporate auditors who today are driving the
implementation of mostly manual Sarbanes-
Oxley controls will soon turn to the CIOs, seek-
ing cost reduction, better automation and
quality control, and scalable solutions. To
whom will the CIOs turn? To you. They will look
to the integrators; the architects and technolo-
gists with the ability to leverage a platform-
independent mechanism that can implement
enterprise-wide business processes and con-
trols. They will look to you to be the agent of
change. Are you ready? ':Q
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An overview of what’s new

he fever for new XML specifica-
I tions for almost anything imagi-
nable has hit the real estate
industry. Companies that are actively
pursuing some niche in this industry
have realized the need to create and
adopt standards for communication. As
in other industries, however, competing
XML standards are emerging, keeping
any one standard from reaching a criti-
cal mass of adoption and fruition.

This article explores the Real Estate
Transaction Standard (RETS) for the real
estate industry. I'll talk about how some
of these standards can leverage Web
services technologies such as SOAP and
WSDL. I’ll begin by taking a look at the
landscape and various XML standards in
the real estate industry.

Adoption of XML standards will pro-
vide acommon vocabulary and increase
the interoperability of the Multiple List-
ing System (MLS) data and the different
users that access this data on a daily
basis, such as realtors, title companies,
home insurance companies, and end
users looking to buy or sell a house. This
will also foster an increase in competi-
tion among software vendors seeking to
serve the real estate industry. The
emerging XML standards are intended
to be used over the Internet and can
leverage various Web services standards
such as SOAP and WSDL for increased
interoperability. A critical aspect of
these standards is safeguards to protect
intellectual property (IP) and the priva-
cy of all involved in a real estate process.

The National Association of Realtors
(NAR) is the largest professional associ-
ation for people involved in all aspects
of the real estate industry, with more
than 730,000 current members. In 1999,

together with several technology lead-
ers, the NAR began an effort to make
access to MLS information easier. The
Real Estate Transaction Standard (RETS)
is an open standard for accessing and
exchanging real estate information
between all the players involved in the
real estate process.

There are several other standards in
this space. The RELML specification was
first announced in the summer of 1998.
This version of the draft is currently
implemented in OpenMLS’s Real Estate
Listing Management system.

The Data Consortium is an open-
membership group of more than 50
companies and associations whose goal
is an open source standard namespace
for the commercial real estate industry.
They have posted a namespace with 13
key elements to support XML streams
and Create, Read, Update, Delete
(CRUD) operations to a relational data-
base. This includes an explanatory guide
and dictionary.

The Alliance for Advanced Real Estate
Transaction  Technology (AARTT)
announced an initiative to create open
standards for data exchange within the
real estate industry in order to stream-
line the residential real estate industry;
this initiative is called CRTML (Compre-
hensive Real Estate Transaction Markup
Language).

The increasing number of standards
leads to the lack of adoption of a single
standard. XML is a great technology that
provides the opportunity to develop
several standards. However, if the indus-
try does not adopt one standard, XML
can't be used to its full potential.

RETS is the standard gaining the
most momentum and it appears to be

the most comprehensive standard that

can influence the real estate industry.

RETS is a collection of several docu-

ments and tools.

* Real Estate Transaction Standard Pro-
tocol Specification, version 1.5 (draft
2): This document describes the RETS
protocol and transaction set. RETS
defines a series of computer interac-
tions called “transactions” and serves
as the definitive reference for develop-
ers who implement them. It establish-
es the parameters for each specified
transaction, both upload and down-
load, as well as the expected behaviors
and results that compliant hosts and
clients must be able to manage,
including error codes. The specifica-
tion also includes developer notes to
explain technical details and a change
process document to define how the
standard will be administered.

* Real Estate Transaction Standard
XML DTD (RETML): Version 1.5 of the
XML DTD for working with the Real
Estate Transaction Specification.

* Real Estate Transaction Standard
Metadata DTD: The XML DTD for
exchanging metadata between sys-
tems or between clients and servers.

e RETS Reference Implementation: A
complete implementation of a client
and server written in Java.

* RETS IDX Client: An implementation
written in Visual Basic.

* RETS Compliance Tool: A scriptable
compliance testing tool in Java. The
tool accepts scripts written in XML
that test the interaction of a client or
server against predefined responses.

Let’s take a closer look at RETS. RETS
defines two major components — a RETS
server and a RETS client. A user accesses
a RETS client to access MLS data. This
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client could be a Web site that is accessed
through HTTPR, a thick VB client, or anoth-
er client or server system that uses Web
services as the RETS client. The RETS
client initiates the appropriate request to
the RETS server, usually over the Inter-
net. The RETS server responds with data
formatted to the RETS specification.
There are open source implementations
of RETS clients and servers available. Fig-
ure 1 shows the architecture of a typical
RETS request-response cycle.

I recommend downloading and
installing the reference implementation
of RETS from the RETS Web site (see ref-
erences). The Java version is relatively
easy to use and very well documented. It
runs on top of Apache Tomcat and uses
MySQL as the database. However, you
could adapt this to your environment
and run it on top of an application serv-
er such as JBoss, BEA WebLogic, or Web-
Sphere. Once you get this implementa-
tion up and running and go through the
steps in the install guide that comes with
the download, you will see the Property

search screen (see Figure 2).

After clicking on the search button,
you will see a search results page as
shown in Figure 3.

Underneath these simple JSP screens
the reference implementation is using
the RETS standard to exchange data.
Listing 1 (available at www.sys-con.com/
xml/sourcec.cfm) shows an example of
an XML listing that is returned through
the search function.

RETS can be used in the context of
Web services. Wrapping a RETS request
or response in a SOAP message is trivial.
Exposing the services inWSDL that some
niche company in the real estate space
provides is also a straightforward task.
What’s more interesting is what the con-
cept of Web services brings to the real
estate industry in addition to the stan-
dardization of the data exchange format.

Web services provide the communica-
tion endpoints to a service. They enable a
transaction to be run asynchronously and

(=)

Figure 1 - RETS architecture
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a service to automatically discover and
interact with new services without prior
negotiation. Okay, there you have the
buzzwords and phrases for Web services.
The adoption of Web services allows
realtors to automatically find and under-
stand how to interact with several of the
MLSs in their area. They can use Web serv-
ices to upload their listings in a simple and
consistent way to all the MLSs that have
exposed their interfaces using WSDL, and
support the SOAP and RETS standards.
Complete Web services implementa-
tion has been targeted for RETS 2.0.

I've discussed the current state of
XML technologies and standards for the
real estate industry, including a deeper
look into the real estate transaction stan-
dard, and talked about the reference
implementation provided with the RETS.
I've discussed at a conceptual level the
application of Web services with the
RETS specification. There is tremendous
potential and need for standardization of
communications and data exchange for-
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The management criteria developers must consider

ife is full of compromises, and appli-
Lcation development is no exception
to the rule. So, when that project
deadline is looming (and it always is) you
are faced with three options:
1. Finish the functional application
2. Ensure that the application is manage-
able
3. Ask your manager for more time so
you can accomplish both

Since number #3 might be career lim-
iting, it's usually a choice between #1 and
#2. And no one gets extra points for man-
ageability if the application doesn’t func-
tion as advertised. Clearly, creating a fully
functional application wins every time —
When timeframes are tight, management
functionality is often the first thing cut.

Good tools are available to automate
the management of traditional applica-
tions built on application servers —you can
find them in systems management suites
like HP OpenView, Tivoli, and Unicenter.
Great news if you are building a traditional
monolithic application, but what if you're
building an application using Web servic-
es? How do you build management capa-
bilities into an application that is not
stand-alone, but rather composed of a col-
lection of services from multiple sources?

While Web services applications are
more flexible, quicker to build, and quick-
er to adapt than their monolithic counter-
parts, they are inherently more complex
because there are many more moving
parts and myriad interdependencies. A
problem with a single Web service has the
potential to bring down the whole net-
work of Web services. This complexity
makes effective management even more
critical for Web services applications than
for traditional applications. Unfortunate-
ly, traditional management systems were
never designed to manage applications

composed of multiple separate yet inter-
dependent parts.

This article explores four management
criteria that developers must consider
when building applications based onWeb
services: security, monitoring, service
location, and versioning. It also examines
the specific challenges associated with
each criterion.

Security
With traditional applications, manag-
ing access control typically means “check

IDs at the front door.” With Web services

applications, there are two additional

considerations:

* Web pages are typically protected by
URLs; each URL can be assigned differ-
ent access rights. A complete Web ser-
vice, however, is represented by a single
URL. For example, a Customer Web
service may have operations for query-
ing, creating, deleting, and updating
customer records, yet it would have
only one URL for all four operations. As
a result, it’s difficult to control access to
read-only query operation separately
from the operations that change data.

* The “front door” approach to security
does not work with an application built
from multiple services. You need to
consider security at each service, and
how the security settings for the indi-
vidual services relate to the application
as a whole. For example, let’s assume
the Customer Web service depends on
two other Web services: Billing History
and Order History. To allow each of the
four Customer Web service operations
(query, create, update, and delete),
what security settings do we need on
Billing History and Order History to
make everything work? When the Cus-

tomer Web service calls Order History,
who should the Order History Web
service assume is making the call: the
Customer Web service itself, or the
caller of the Customer Web service?

Monitoring

The challenges for monitoring mirror
those of security. Most management sys-
tems and application platforms deal with
monitoring at the URL level at best. This
means that statistics for all Web service
operations on a service are lumped
together. Since many Web services
include read-only operations (e.g., query)
as well as transactional operations (e.g.,
create/update/delete) — and since the
characteristics of read-only operations
differ greatly from those of transactional
operations — grouping them together gen-
erally results in gibberish. To properly
manage a Web service, you must have
operation-level granularity of statistics.

Beyond monitoring at the operation
level, you may also want to further organ-
ize the statistics. For example, are you
meeting service level agreements for Gold
customers using the Customer Web ser-
vice? Or, what is the average network
latency of requests from the Customer
Web service to the Order History Web
service?

The second challenge for monitoring
aWeb service application is related to the
fact that many distinct parts make up the
whole. Knowing how these parts interact
is important to knowing how the whole
application will work. For example, if
some of your customer record updates
are failing, does the problem lie with the
Customer Web service itself? Or Order
History? Or Billing History?

Service location
Since aWeb services application is not
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one piece of software deployed on one
system (or on a cluster of identically con-
figured systems), how do the different
parts of the application know where the
others are? In the example, how does the
Customer Web service know where Billing
History and Order History reside?

This problem is somewhat easier to
solve if a single IT group has oversight of
all the separate parts (the customer sys-
tems, the order history systems, and the
billing history systems). But once owner-
ship for these systems doesn't all rest in
the hands of one group, or you need to
call Web services from systems outside
your own firewall, keeping track of loca-
tions becomes a formidable challenge.

Versioning

In cases where different services are
owned by different groups or consumed by
multiple applications, managing service
versioning warrants careful consideration.
If the service is relocated to add capacity,
how is this done without disrupting con-
sumers? How is an upgrade for the billing
system rolled out to the Customer Web
service and other consumers? With mono-
lithic systems, all parts of an application are
versioned and rolled out at once, so prob-
lems of this nature don't arise. But they are
critical considerations in the world of Web
services.

As with anything in software, all of
these challenges can be addressed by sim-
ply adding code to your application,
which will be explored in this section.
However, it’s important to weigh the con-
sequences of hard coding. The byproducts
of hard coding management functionality
into service-based applications include
inflexibility and brittleness — side effects
that can undermine the benefits of a serv-
ice-oriented architecture. There are alter-
natives that help minimize these conse-
quences, which will also be discussed.

Security

Most application server platforms
provide two methods of authorization:
declarative and programmatic.

Declarative authorization allows you
to separate the authorization from the
code itself. It can be updated and viewed
apart from the application code, meaning
you don't need to recompile the applica-
tion to update the security requirements.
The following shows an example of
declarative security in Java, which limits
the access of the Customer Web service to
customer service representatives:

<security-constraint>

<web- resour ce-col | ecti on>
<web- r esour ce- nane>Cust oner Sve</
web- r esour ce- nanme>
<url - pattern>/services/
Cust omer Sve</ url - pattern>

</ web-resour ce-col | ecti on>
<aut h-const rai nt>
<r ol e- nane>Cust oner SvcRep</
rol e-nane>
</ aut h-const rai nt >
</ security-constraint>

Declarative authorization is generally
available only at the URL level (unless
your Web service application is written
using EJBs, which allow deployment-time
per-operation authorization). If the abili-
ty to delete customer records must be
limited to customer service managers, it
requires programmatic authorization:

voi d Del eteCust(String custNo)
{
i f(!Context.isUserlnRole
(" Cust omer SveMyr"))
{
throw new SecurityException(
"Pl ease contact your manager");

Infusing the application with hand-
coded security logic will result in brittle-
ness, so it’s best to use declarative securi-
ty as much as possible (to define the min-
imum requirements for access to any
operation) and only layer in programmat-
ic security when absolutely necessary.

Beyond authorization at the Customer
Web service, the next challenge is how to
perform similar authorization at the Web
services used by the Customer Web ser-
vice. In many cases, these services need to
know who the original caller is so they can
properly perform their security checks.
Doing this by hand is difficult and can
open significant security holes. However,
there are emerging solutions that leverage
the SAML standard (security assertion
markup language), which allows you to
safely and securely transmit a caller’s
identity through a chain of Web services.

Monitoring

Beyond the statistics and information
that can be gathered directly from your
application server, tracking and monitor-
ing per-operation or business-level statis-
tics generally requires adding code into
your application. For example, assume
you want to track the number of cus-
tomer records deleted each day, using the
account closure rate as a measure of cus-

tomer satisfaction. This requires the cre-
ation of a separate service dedicated to
management. In this case, the service
might have an operation called Account-
ClosureRate. The customer delete opera-
tion must be updated to compute the sta-
tistic:

voi d Del eteCust(String custNo)
{
if(!Context.isUserlnRole
(" Cust omer SveMgr"))
{
throw new SecurityException(
"Please contact your manager");

if(Statistics.isFirstDeleteToday())
Statistics.deleteCount = 0;

Statistics. del et eCount ++;

Using this statistic the new manage-
ment Web service would look like this:

I ong Account O osur eRat ()
{

return Statistics. del eteCount;

}

You have the choice of making this
new management service available as a
standard Web service or making it a spe-
cialized management service built using a
framework such as Java’'s IMX MBeans. In
either case, the primary downside (apart
from all the additional coding) is the
necessity of invasively modifying your
application code to gather additional sta-
tistics about the service.

Service location

As discussed, the Customer Web serv-
ice needs to locate the services it con-
sumes. As the Customer Web service
moves through the development-test-
production cycle, the location of Order
History and Billing History will change
(for example, the test versions of these
services will be in a different location than
the production versions). Hard coding the
URLs of these service providers into our
Customer Web service won't work.

Most SOAP tools offer some help here.
With Visual Studio .NET, for example, you
can set the URL behavior property of a
Web service to dynamic. This stores the
endpoint of the service in a configuration
file that can be changed without recom-
piling the application. Other SOAP tools
follow a similar approach of storing the
endpoint URLs in configuration files.

While this approach is a step in the
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right direction, the downside is that the
location of each service provider is stored
locally at each consumer. If Order History
needs to be relocated, we would need to
find and update the configuration files of
all Customer Web service installations,
along with those of other Order History
consumers.

The solution to this problem is a direc-
tory service that enables consumers of
services to look up the locations of their
service providers in the directory — in this
case the Customer Web service would
look up both Order History and Billing
History. Because the directory is shared
by all the consumers, you need only
change the one directory entry and all
consumers see the change automatically.

While you could use any directory
service, UDDI is purpose-built for Web
services (in fact, a UDDI directory is
accessed as a Web service). Each service
instance is identified by a unique key
(specifically, a binding template key).
During development, you find the service
you want to use and store the key. You
then look up the service endpoint by key
at runtime using the UDDI API.

Bi ndi ngDet ai | detail;
Vect or tenpl at es;
Bi ndi ngTenpl at e tenpl ate;

detail = uddi.get_bindingDetail
(orderH storyKey);

tenpl ates = detail.getBinding
Tenpl at eVector();

tenplate = (BindingTenpl ate)
tenpl ates. get(0);

OderH storyURL = tenplate.
get AccessPoint (). get Text ();

The example above (written using
UDDI4)) shows a simple lookup of the
endpoint for the Order History Web ser-
vice, assuming there is only one instance
of the server (though UDDI allows multi-
ples for simple load balancing and
failover). In a production application you
also need to be concerned with caching of
UDDI entries. The general policy is to
cache the UDDI entry for as long as
desired, but if the endpoint is unreach-
able, reload the entry from UDDI (in the
event it's been updated) and retry the
request.

Versioning

The ability to change service end-
points with UDDI addresses some ver-
sioning issues as it allows you to bring a
new version of the service online, update

the UDDI entry to point to the new ver-
sion, and then take the old version offline.
If consumers follow the caching behavior
described above, all consumers will auto-
matically update themselves to point to
the new version of the service.

However, versioning is not always so
simple. The strategy outlined above has
two limitations: (1) the new version’s API
must be completely upward-compatible
with the older version and (2) all con-
sumers must be cut over to the new ser-
vice at the same time.

Adequately addressing versioning
challenges requires a different architec-
tural approach. For example, assume
Billing History is being versioned. The
most effective action is to insert an inter-
mediary, i.e., a proxy, in front of the Billing
History service. The intermediary can
handle the logic necessary to adapt
between the old and new APIs, gradually
transferring the load to the new version of
the service (perhaps one customer at a
time, or prioritized by Gold customers vs.
Silver customers). After the load transfer,
the intermediary continues to adapt
between the old and new versions of the
Billing History API for all requests. Con-
sumers of Billing History can upgrade to
the new API at their leisure, after which
they can bypass the intermediary. Once
all consumers have upgraded to the new
API, the intermediary can be removed.

While writing these types of interme-
diaries is possible, it is extremely tedious
to do so by hand and without a careful
design can lead to performance and relia-
bility problems.

Many of the techniques in the previ-
ous section require hard coding manage-
ment behavior into the services them-
selves — thus locking in the management
behavior until a new version of the service
is rolled out. Breaking this tight tie
between service and management func-
tionality is important if you need your IT
environment to respond quickly to
change. Management functionality must
be factored out of the services themselves
so that it doesn’t impede change.

There are two ways to factor out
management code. The first is to take
advantage of the intermediary approach:
build the management logic into a proxy
that sits in front of the actual service. As
consumers talk to the proxy, it performs
its management tasks and then forwards
requests on to the service provider. This
approach clearly separates the manage-
ment logic from the application, allow-

ing you to update them independently.
But, as discussed previously, poorly
designed proxies can lead to significant
performance and reliability problems.

The alternate approach is to build the
management code as “protocol handlers”
(SOAP extensions in .NET and JAX-RPC
handlers in Java) that plug in to the appli-
cation platform itself (not into the appli-
cation code). This approach separates the
code from the application and addresses
some of the performance and reliability
concerns. However, what it gains in per-
formance and reliability it loses in flexibil-
ity. Management policy can't be updated
without deploying new software on the
application servers, reconfiguring the
applications themselves, and restarting
the applications.

In the final evaluation, it’s fair to say
that hand coding management function-
ality is not only a hassle, but also ineffec-
tive in a Web services environment. The
good news is that solutions are now avail-
able that automate a lot of what was dis-
cussed in this article, and much more.

This new solution category is called
Web services management. Web services
management solutions can be deployed
either as proxies or agents (protocol han-
dlers); the best solutions support both
models as there are valuable use cases for
both. Web services management solu-
tions provide easy-to-use, flexible envi-
ronments to build sophisticated dynami-
cally versionable management rules and
policy with just a few clicks of the mouse
— avoiding all the tedious and time-con-
suming (not to mention brittle) hand
coding you would otherwise have to do.

The ultimate success of aWeb services
application project includes the ability to
effectively manage the Web services
throughout their entire life cycle. Web
services management solutions provide
developers with the tools they need to
simplify the process of building in man-
ageability from the ground up. ;:g

* The Apache Foundation:
http://xml.apache.org

« SourceForge: www.sourceforge.net

» OASIS: www.oasis-open.org

* W3C: www.w3c.org

* Sun Microsystems: www.sun.com

* OpenOffice: www.openoffice.org
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How reporting should be done

his article provides a technical

I overview of the XBRL standard,
with emphasis on the architec-

ture of the standard and the potential

applications surrounding the business
reporting functionality it supports.

Business reporting has been the
focus of discussion over the last few
years in the wake of increased govern-
ment oversight. The need for compli-
ance and the need to standardize
reporting processes are driving the cre-
ation of new applications and stan-
dards. XBRL is one such standard that
will provide an extensible vocabulary
framework within which business
reporting can be done. This standard is
particularly important due to the broad
industry participation in the standardi-
zation effort (over 170 members from
the financial services, accounting, and
technology sectors worldwide) and the
increasing evidence of its adoption in
practice. For example, in the U.S. the
FDIC recommends that all financial
institutions post their bank call reports
in the XBRL format. The SEC is moving
toward requiring that all corporate pub-
lic financial statements, like 10K filings,
be in XBRL format.

XBRL defines a data model for infor-
mation to be included in business
reports, and the basic vocabulary for
representing that information in XML.
This standard intends to serve a con-
stituency that is spread across a number
of industry verticals and across the
globe. That brings on an interesting set
of challenges. Multiple languages need
to be supported for labeling and
describing the same business concepts.
The same business concepts can be
defined and reported in several different
ways in different locales. The vocabulary

framework also needs to be flexible
enough to allow for extensibility with
the provision for defining new business
concepts and relating them to known
standardized concepts. The XBRL speci-
fication makes ingenious use of W3C
XML Schemas along with XLink to
accomplish this task. This article
includes a description of how XBRL
achieves this flexibility by creating an
information model that utilizes XML
Schema and XLink to define syntactic
constraints for the reporting language,
and semantics in terms of relationships
between business concepts and associ-
ated metadata. The content of the article
is based on the latest public draft of the
XBRL 2.1 specification.

The XBRL information model pres-
ents us with two components that we
can consider: an XBRL instance and its
associated taxonomy set. While the
XBRL instance contains the concrete
facts (e.g., the value of the business con-
cept “sales_per_share”) being reported,
the taxonomy contains descriptions of
the business concepts (e.g., the descrip-
tion of the business concept “sales_per_
share”, what its syntax is, how it is calcu-
lated, etc.) that are being reported. Fig-
ure 1isan illustration of the information
model, and a description of this model
follows.

The XBRL instance

An XBRL instance encapsulates busi-
ness facts through a flexible information
model. The most basic components of
an XBRL instance are facts, which are
pieces of information being reported
through the instance. An example of a
fact could be “sales in the most recent
quarter.” A simple fact, which is a piece

of information with no structural com-
plexity (for instance, the retail price of a
product, a numeric value), is referred to
as an item. Related facts that need to be
considered together are grouped togeth-
er in more complex structures as tuples.
A tuple can contain items and/or other
tuples. Each item can be associated with
a business concept, and these business
concepts are described and defined in
detail through a taxonomy set. The
items also reference the context in
which they are to be interpreted. The
context describes such aspects as the
time period to which the fact pertains
and the applicable reporting scenario
(“actual,” “budgeted,” “pro-forma,” etc.)
among other things.

The XBRL taxonomy

An XBRL taxonomy describes a
vocabulary by defining the syntax for
the terms of the vocabulary using XML
Schema, and metadata such as descrip-
tions of the terms and relationships
between them using XLink. Each XBRL
instance references the schema(s) for its
taxonomy, and each schema can refer-
ence other schemas. The collection of all
the schemas that are required to validate
the syntax of an XBRL instance becomes
part of that XBRL instance’s Discover-
able Taxonomy Set (DTS). The XBRL
instance can also, optionally, reference
XLink linkbases that provide additional
information about the business con-
cepts being reported in the instance.
XLink is a standard for specifying hyper-
links that link resources. XBRL uses
XLink as the mechanism for defining
relationships between business con-
cepts and additional metadata (for more
information about the XLink standard,
visit the W3C XLink page at
www.w3.0rg/XML/Linking). In addition
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to the XBRL instance, the schemas in the
DTS can also contain references to
linkbases. Together, all these schemas
and linkbases, which describe all the
business concepts being reported, form
the DTS.

Taxonomy schemas

The taxonomy schemas define the
syntactic constraints with which all
XBRL instances for that taxonomy
should comply. When creating a new
taxonomy, you will either start from
scratch, or, more likely, you will start
from an applicable industry-standard
taxonomy and extend it to suit your par-
ticular requirements. In either case, this
involves importing some schemas and
providing your own schema definitions
in addition to arrive at the taxonomy
schema appropriate for your organiza-
tion’s reporting needs.

The basic XBRL instance schema
defines the element types for the XBRL
container (the XBRL element), abstract
elements for representing items and
tuples, and the elements representing
contexts. To create a new vertical- or
organization-specific taxonomy from
scratch, a schema with element defini-
tions for items and tuples related to
business concepts in that vertical is cre-
ated. These element definitions are then
placed in substitution groups with the
abstract item type and tuple types as
their heads. This schema can also
include references to appropriate
linkbases using W3C XML Schema’s
annotation facility.

The more likely scenario is that a tax-
onomy already exists for your industry
but you need to perform a little bit of
customization, such as adding a few
more business concepts to relate them
back to the standard concepts. In this
case, you will create your taxonomy by
importing the industry taxonomy
schema and adding new schema com-
ponents to reflect your custom business
concepts. Some industry- or applica-
tion-specific taxonomies are available at
www.xbrl.org/resourcecenter/
taxonomies.asp?sid=22.

Taxonomy linkbases
The XBRL specification describes
five types of links in the taxonomy
linkbases. These links can be organized
broadly into three categories:
e Label links (labelLink)
» Reference links (referenceLink)
e Relation links (calculationLink, defin-
itionLink, presentationLink)

Label and reference links relate busi-

ness concepts to metadata. For
instance, label links can associate con-
cepts with text strings that can be used
to label (or otherwise document) the
concept in a report (e.g., the label “Rev-
enues in most recent quarter” for the
item revenueMRQ defined in the taxon-
omy). Multiple labels can be defined for
a single business concept in different
languages. The XBRL instance author
can decide which labels to use for that
particular instance.

Figure 2 illustrates a label link that
defines a standard label for a business
concept (using the label element), a
locator for the business concept (using
the loc element), and an arc linking the
business concept to the label (using the
labelArc element).

Similarly, reference links can associ-
ate references to authoritative literature
in the business domain. The mechanism
used is similar to the label links in that
you define a reference link with a locator
for the business concept, one or more
references to documentation, and a ref-
erenceArc defining the association
between the locator and the reference(s).

In contrast to label and reference
links that relate business concepts to
metadata, relation links relate business
concepts to other business concepts.
For example, calculation links define
how a given concept figures in the calcu-
lation of another business concept. For
example, the concept “profitAfterTax” is
calculated from the concepts “profitBe-
foreTax” and “taxPaid” by subtracting
one from the other.

profitAfterTax = weight(1) * profit-
Bef oreTax + wei ght(-1)*taxPaid

The relationship between these three
business concepts is captured in the cal-
culationLink in Figure 3.

Definition links describe several
types of relationships among business
concepts, such as generalization-spe-
cialization relationships (e.g., “postal-
Code” is a generalization of “zipCode™)
among others. Presentation links, as the
name implies, define the relationships
between concepts from a presentation
perspective (e.g., in the presentation of
the report, a parent/child relationship
should be shown between “sales” and
“printerSales”).

XBRL processors that are fully con-
formant not only need to perform syn-
tactic validation of the instance docu-
ments according to the taxonomy
schemas, they also have to perform

BUSINESS REPORTING

semantic validation based on the tax-
onomy linkbases. When processing an
instance document, they should make
available to applications the metadata
gleaned by applying the taxonomy to
the instance. Think of the process as
being similar to XML Schema valida-
tion generating a PSVI. XBRL valida-
tion should verify the instance against
the taxonomy and make the metadata
gained from such a process (for
instance, labels detected for an item
reported in the instance) available to
the application using the processor. In
addition to validation, the functionali-
ty included in XBRL tools can also
include taxonomy editors, XBRL
instance creation, XBRL repositories,
query and reporting engines, and so
on.

XBRL provides a business reporting
framework. Business reports span a
wide spectrum from regulatory compli-
ance to business intelligence. XBRL
applications can provide value at many
different points in the reporting chain.
By standardizing the way business infor-
mation flows in this chain, you can open
up a number of possibilities for using
canned applications for composition,
analysis, presentation, and any other
application of that information. Figure 4

Scharma Faterence{a) |
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XBRL [nstance
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Figure 1 - The XBRL reporting model
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Figure 2 - Label link associating a business concept with a label
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Figure 4 - Sample XBRL application

shows one possible point of view of the
value XBRL can bring to business infor-
mation reporting.

Most enterprises have their business
information spread over multiple infor-
mation systems segmented by product
lines, geographical organization, profit
centers, and so on. The sample applica-
tion scenario shown in Figure 4 would
involve aggregating information from
these disparate sources into the XBRL

reporting applications, including regu-
latory reporting like SEC filings or tax fil-
ings, reporting for investors and ana-
lysts, reporting to management through
executive dashboards, etc.

XBRL is a standard that benefits from
wide industry participation and is
beginning to gain acceptance as the way
business reporting will be done. Using
it provides a truly extensible

framework that enterprises can use to
report critical business information.
This framework provides advantages at
each juncture in the business reporting
chain from information preparation,
through analysis, through consumption.
After two revisions, public review and
implementer feedback, this specifica-
tion has acquired a degree of stability
and is ready for prime time. ¢
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The preferred choice for data exchange and more

ML has become a hot topic over
Xrecent years due to its core qual-

ities: extensibility, platform
independence, and self-describing
nature to name a few. Considered by
many to solve a wide variety of e-prob-
lems, it has enjoyed an optimistic fol-
lowing that believes it to be the next IT
revolution, comparable to HTML.

Despite the hype, the use of XML in
the real world is still mainly limited to
data transfer and system integration
within large companies. In smaller busi-
ness, and in the Internet application
area (normally the domain of a more
traditional RDB, ASP, HTML model), we
have seen little use of XML.

This article discusses XML’s
strengths; why XML is a valuable tool,
particularly with respect to data
exchange; and also why perhaps XML is
not commonly found within small busi-
nesses.

HTML was indeed a revolution. It
took us from awkward FTP nerds jotting
down IP addresses and passwords to
information seekers intuitively clicking
from link to link. This took Internet
demographics from a narrow subset of
IT proficients and academics to a much
more varied population, resulting in a
corresponding variety of content.

HTML was successful because a
problem existed that needed a solution
(the Web was difficult to use), and the
solution was simple, fairly robust, and
cheap.

What issues does XML resolve? When
should we abandon HTML in favor of
XML and XSL for Web development?

XML cannot be directly compared

with HTML - XML describes data,
HTML presentation. Yet this differentia-
tion often forms one of the most preva-
lent arguments in this area.

XML separates content from the
presentation layer

XML is designed purely to represent
data. It relies on partnership technolo-
gies such as XSL to format that data and
present it to the user. This concept is
valuable, allowing a clear division of
responsibility between the two.

That said, separating content and
layout is an idea that has been in prac-
tice for years. In a loose sense, most
commercial Web sites have these two
components separated already, with the
layout represented in HTML code and
content stored in back-end databases.
ASP is typically used to merge the con-
tent with the presentation, passing the
result to the user as HTML.

Some implementations of XML sepa-
rate this structure further by storing
content in XML, business logic in the
ASP, and the layout in an XSL file for
example. This approach might be bene-
ficial for a large company where these
divisions of responsibility are represent-
ed by their internal structure. For many
smaller companies, it is an unnecessary
step.

It remains possible to shield the
front-end designer from much of the
complexity of the data’s origin (perhaps
several tables joined together in some
convoluted manner). This can be (and
usually is) achieved by wrapping the
query into a single stored procedure.
Even the DB access and connection
strings would typically be wrapped up in
a simple include file.

In balance then, the notion of sepa-
ration is valid but not an argument for

the use of XML in its own right.

Given that XML is predominantly
about the data, what advantages does it
have over other Internet storage means?
When is it the best choice?

A much-overlooked benefit of XML is
that it easily represents hierarchical data
within a single entity. An XML Schema
can easily be designed to describe a car,
for example, each car having one or
more doors, each door having several
subcomponents, and so on. This could
also be represented in a relational data-
base, but it requires several related
tables to achieve the same thing, ham-
pering any chance of portability.

Portability is a strong argument for
the use of XML when the ability to share
the core data is important. XML files can
be shuttled between heterogeneous sys-
tems with relative ease due to the broad
support XML now has.

Another often cited feature is XML’s
self-describing nature. Before this is
considered an advantage to your proj-
ect, you need to ask why it is important
for a user to open the raw XML file and
view its contents directly. Certainly end
users would prefer a more palatable
view. Developers would be ill-advised to
view an XML file and assume it repre-
sents the full schema. Instead they are
likely to consult the official DTD; even
the server tasked with parsing this data
finds the mechanism more cumber-
some.

XML already enjoys widespread sup-
port. Unlike ASP, a Microsoft proprietary
technology, XML is supported by nearly
all platforms and systems, from Win-
dows to different flavored Unix systems,
Mac OS, and others such as WAP, Palm,
and so on. It also supports Unicode,
which can be used for most languages.
Therefore, if we want a Web site that can
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easily be switched between different

platforms and published in different

languages, XML might be a better
option.

To summarize, an XML/XSL
approach should be used instead of
HTML/RDB for Web front-end develop-
ment when:

* The Web site is really content rich and
the content is not suitable for a rela-
tional database.

* The site needs to be independent of
the operating system.

e The site needs to support multiple
languages.

* The core data needs to be transferred
from place to place, maybe even
across platforms.

e The data is predominantly hierarchi-
cal in nature.

XML should perhaps not be consid-
ered when:

« Large amounts of data are involved.

* The underlying data is updated in real
time (either via the Web or via other
back-end systems).

e There’s no real need for XML’s porta-
bility.

An XML document is a collection of
data; it has more in common with file
formats such as fixed length and CSV
than it does with relational databases.
Just like any other file format, it is highly
portable, but it also supports Unicode
and is hierarchical. When, then, is XML
suitable to be used as the back-end
database?

XML is primarily considered useful
for transient data storage, i.e., data that
needs to get from A to B, but may soon
cease to exist, being superceded by an
updated file.

For heavy-duty storage and data
manipulation, the power of a relational
database is hard to beat. Relational
databases rationalize the data into
tables that are self-contained and serve
multiple systems. Forcing the data
together into one entity is not often
desirable.

Only under special circumstances
can you store data as an XML document
without running into problems — small
amounts of data, few users, and modest
performance requirements. Certainly
these conditions do not fit most produc-
tion circumstances, including an e-
commerce environment.

Due to their hierarchical nature,
XML files and databases are more suit-
able to store data that is also hierarchi-

cal, i.e., each element has one parent
element, but could have many child ele-
ments. Invoices and articles can both be
described in this way, and they are also
the sorts of data you might want to pass
around.

Native XML databases, such as
Tamino, have been introduced in recent
years. They actually come from the his-
torical hierarchical database arena.
They’re suitable for storing hierarchical
data, but not for strict relational data.

To summarize, XML files and data-
bases should be used instead of rela-
tional databases to store data only if:

e The data is document-centric rather
than data-centric.

e The data model is more hierarchical
than relational.

e There are no high requirements on
security, indexing, multiple accessing,
transaction, etc.

e The XML structure contains all the
necessary data for this and any other
system that might make use of it.

XML, as a file format, is highly rec-
ommended for electronic information
exchange between disparate systems,
either within a company (system/appli-
cation integration) or between compa-
nies (B2B integration).

Of course, Electronic Data Inter-
change between different systems (EDI)
existed long before XML. Does XML
bring any revolutionary aspect, or at
least some improvement, to data
exchange in the B2B world?

XML is not the silver bullet

Standardization is the key and should
be an easy sell. Take any group of busi-
ness units that exchange data that is
intrinsically the same but export that
data in their own native format, and the
writing and maintaining of those systems
is costly. Standardizing the format allows
for fewer errors and lower cost through-
out the process and opens the opportu-
nity for “shrink-wrapped” solutions.

But is this benefit really brought to us
by XML, or actually by the agreed-upon
standard? The answer is probably the
latter. The challenge is getting the rele-
vant parties to agree; the actual mecha-
nism used to represent that standard is
almost irrelevant, and in most cases
could just as easily be achieved by use of
a CSV, or fixed length record file.

So, XML does not enable this to take
place. It’s an option after the important
revolutionary bit has happened - the
agreeing.

To many though, XML feels like a
more intuitive solution. Data elements
being encapsulated by their descriptors
leaves no one in any doubt as to what
they are, but is this a convincing argu-
ment? Should developers really be look-
ing at the data without referencing an
accompanying schema or file layout?
Should they make assumptions about
the data based on what they see in one
extract? Probably not, but if XML is
implemented correctly, the accompany-
ing DTD can be a very powerful argu-
ment.

XML helps B2B by data integrity
checking

With a good XML Schema it’s possi-
ble for an XML file to be validated. This
characteristic helps a great deal in the
B2B data interchange. With traditional
layouts this integrity checking is not
possible (at least not to anywhere near
the degree to which an XML file can).
Companies exchanging data with flat
files are spending huge amount of time
to tidy up the data they receive and
transmit.

Both XML Schemas and DTDs are
flexible and powerful ways to describe
what you expect the data to be like. You
can specify that some elements are
optional, some are mandatory, some
need at least one element, but could
have multiple. They describe the struc-
ture and the data types.

XML makes EDI accessible to a broader
set of users

Electronic Data Interchange (EDI)
has existed in e-commerce for more
than 20 years. It is designed to exchange
structured business documents, such as
invoices and purchase orders, electroni-
cally between business partners.
Although it has great potential to save
money for each party, it has not been
widely adopted until now. Forrester
Research estimates that only about 5%
of the companies that could profit from
its use actually use EDI. The reasons are
that it is quite expensive to set up, and
more important, due to the lack of an
industry standard, users have to have
their own interpreting software to make
it work with their proprietary systems.
These considerations cause many com-
panies, especially small and medium-
sized enterprises, to avoid EDI solu-
tions. So far, the use of EDI has been
mainly reserved for larger companies.

With the arrival of XML, people are
hoping this will change the current cost-
ly, proprietary situation of EDI, and
make B2B data exchange easier, and
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thus reach its potential.

As a good data-transmitting format,
XML could be used to replace the old
EDI mechanism. XML supporters are
working very hard to set up a standard
for XML business documents schemas.
One good example is ebXML, which is
providing schemas for the common
commercial transaction document
types such as invoices. This standard
will have great positive impact on EDI.
Once every company in the industry
uses the same invoice standard, no spe-
cial interpreting software is needed, and
adopting EDI will become much more
straightforward. Most developers can-
not build an EDI transaction, but they
will be able to create an XML file easily.

XML is better for data exchange with
unknown systems

If you know everything about two
data-exchanging systems, it might be
easier to use some other technology
rather than XML for the data exchange.
However, when the system is deployed
over the Internet, you have less control
over it, or when you know nothing about
the recipient’s system, XML could be a
much better solution because use of

XML technology is widespread.

The whole idea of B2B and Web
services is to enable communication
with other vendors, including known
and unknown systems. So XML is the
preferred choice for data exchange.

XML suits hierarchical data the best
Most of the data exchanged between
systems, such as invoices, receipts, and
orders, is hierarchical in form. An invoice
has an address, which has address lines;
it has one or more detail lines, each of
which has subcomponents of descrip-
tion, quantity, value, VAT, and so on. XML
is most suitable for representation of this
kind of data. More than that, XML is
extensible, which makes the schema flex-
ible and easily maintained and extended.
This is another reason why XML is pre-
ferred for e-commerce data interchange.

Other factors

There are certainly many other rea-
sons why XML is becoming a de facto
data exchange format for e-business:
XML supports Unicode, XML is platform
independent, XML is the target of active
research and development, XML is an
industry-agreed standard, and so on.

XML is used as a preferred data
exchange format mainly because:

1. XML supports and encourages indus-
try standards.

2. XML has strong validation functional-
ity through DTDs and schemas. This
functionality reduces the possibility
of exchanging invalid data.

3. XML supports hierarchical data struc-
tures and infinitely repeated ele-
ments. Many e-commerce transac-
tions, such as invoices and orders, are
in that form.

4. XML is supported across platforms.

5. XML supports Unicode.

Perhaps one negative consideration
is the inefficiency of the format; with
each element being encapsulated by its
descriptor for every record, the resulting
file can be bloated by a significant fac-
tor. In an age where bandwidth is on the
increase, this can often be overlooked in
favor of its other advantages. &8
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ANUPAM SINGH

information across enterprises. However, the technology

that allows enterprise-class applications to deal with
XML processing is still not clearly formulated. This causes most
enterprise customers to implement their own architecture.
Additionally, their software implementations try to deal with
the same set of basic XML processing questions in different lay-
ers of the enterprise, rather than as a whole.

XML is establishing itself as the standard for exchange of

Consider a fictitious company that has been using plain
text documents or spreadsheets to report its financials. In the
late 1990s, the company is asked by regulatory authorities to
report more detailed financial information in a new format.
The new data format is XML and the standard is XBRL (Exten-
sible Business Reporting Language), an emerging XML-based
open source specification for exchanging and processing
financial information.
Despite reluctance due to the high-end costs of technology
adoption, the CEO agrees to adopt the standard throughout
the enterprise. An IT project is begun to foster the adoption of
this particular format as the lingua franca for exchange of
financial information between different parts of the company.
An IT team rolls up their sleeves and gets to work. Before the
team can create the necessary IT infrastructure that allows
existing applications to communicate with each other using
the new data format, it stumbles upon the following questions:
* Should the IT department create a new application that
talks to all other applications?

« Will the IT department purchase new and expensive soft-
ware to make the new format pervasive?

* What happens to legacy systems - older and reliable sys-
tems still widely used in key business functions like billing?

« Given that financial reporting is such a key part of the enter-
prise, how does the company ensure that their software
solutions based upon the new format are reliable?

The IT department decides to design an application to gen-
erate one XBRL balance sheet for the entire company. As it sets
out to develop this application, it needs to consider how to uti-
lize the various databases throughout the enterprise that house
important financial data. The obvious candidate step is the stor-
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age of XML as a Binary Large Object (BLOB). However, the IT

department must examine additional steps and explore the pos-

sibility of pushing most, if not all, work into a relational database.

The IT department decides to generate XBRL balance
sheets from “raw” data for every division of the company. Raw
data could be paper-based data, data in spreadsheets, or data
in relational databases.

The XBRL balance sheets generated by each division are
further consolidated, analyzed, and verified to form one single
XBRL balance sheet for the company. It is then issued to regu-
latory authorities as a set of XBRL documents.

As any application development team would do, the IT
department tries to identify the core requirements of this appli-
cation. The main requirements are identified as XML consump-
tion from many sources, XML storage in an efficient and reliable
manner, searching XML to perform analysis and verification, and
transforming XML to generate other XML formats (see Figure 1).

Using the XBRL balance sheet example, IT developers
decide to prototype an XML processing engine inside the
application as a simple Java program that uses existing (and
free) software components. The prototype uses simple Java
programs to map specific tables to specific XML formats; the
file system as a simple XML storage mechanism; and the XSLT
processor to run transformations over the XML. The architec-
ture looks something like Figure 2.

Almost immediately after putting together the prototype, the
IT development team realizes the basic inefficiencies in it. The
mapping of SQL to XML seems to create a two-step processing of
SQL result sets to XML. Additionally, there is the cost of develop-
ing transformation programs that create main memory repre-
sentations of XML documents. And last but not least, the notion
of the file system as a database is extremely antiquated.

The key lesson learned from the prototype is that XML pro-
cessing cannot be solved as a single problem. Instead, there are
different pieces to the XML processing puzzle (see Figure 3).

« Shredding/mapping of incoming XBRL: When the informa-
tion is published in XML from the divisions, the application
might want to map it back to relational data for some lega-
cy application.

« Storage of incoming XBRL: If the application does not need to
map it to its relational format, the application developer might
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choose to store the whole XML document into the database.

¢ Indexing of incoming XBRL: Though not an immediate and
obvious requirement of our application, it is important to
create the right indexes to make transformation and search-
ing of the XML as painless as possible.

e Query-stored XML: To run analysis queries, the application
developer will need to run queries across the XBRL documents.
For example, “Show me all of the divisions whose net assets are
less than the net assets from the same quarter last year.”

e Combine XML streams: In many cases, the application
might have the requirement of “pulling” in some other
information from a Web service, file system, or spreadsheet.
In this case, the application needs to add logic to pull data
from these sources and combine this information from
“local” XML.

e Transform XML: Even though we are focused on XBRL as a
sample scenario, the same application might need to support
another set of XML formats. Instead of writing a new applica-
tion for each new XML format, the application might need a
declarative interface to transform one form of XML to another.

After identifying the above requirements, the IT depart-
ment has a choice to build the whole application, buy separate
software to fulfill these needs, or evaluate existing pieces of
software that provide these functionalities. The IT department
knows that the solution has to be robust in terms of availabili-
ty, concurrency, recovery, and transactions. These characteris-
tics bring the relational database to mind.

However, a natural question arises, “Why do we want to work
the XML processing functionality into a relational database?”
The answer is simple. Enterprise IT departments have invested
heavily in relational databases because of scalability, high avail-
ability, reliability, and manageability. These requirements are the
soul of any IT project. Special XML storage and customized XML
processing engines could not have automatically guaranteed the
above features without the years of research and development
that have already gone into relational databases.

The relational database performs well for storage, index-
ing, and querying, but mostly with structured data. For semi-
structured data like XML, what are the features or solutions
that the IT department needs from the database? How does
one gain the functionality without loosing the robustness?

The challenge for database vendors is to deal with these new
requirements without sacrificing the primary characteristics of a
database. Luckily, each XML requirement described above trans-
lates to a specific feature in the database. For now, let’s continue
to solve the problem from the point of view of an IT developer.

In the next few sections, the IT developers classify the solu-
tions into “immediate” and “desired” solutions in the context
of a relational database. Immediate solutions can be seen in
many commercial databases in one form or the other. (It
should be noted that we might use nonstandard SQL exten-
sions for illustration purposes.) The desired solutions are
longer-term solutions, which try to create interoperable solu-
tions between W3C XML standards and the familiar SQL-ori-
ented interface in relational databases.

The W3C has issued initial drafts of an XML Query Lan-
guage called XQuery. Without going into the details of the lan-
guage, XQuery provides excellent syntactical support for query
and transformation of XML data. We will refer to this standard
throughout our detailed analysis of database requirements.

Immediate solution
Shredding or mapping of an incoming XML document is
the stage of mapping a hierarchical, tree-structured XML doc-
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ument into a relational table. The simplest mapping tool
would be an embedded XPath processor in SQL. A set of XPath
queries will identify the nodes that are to be mapped into a
table. Furthermore, the XPath queries will use XML Schema
information to map from an XML Schema type to the table.

The advantage of this solution is that the data mapping is tak-
ing place in the database and the IT developer does not maintain
a set of XPath programs outside of the database. Of course, this
assumes that the relational database has XPath extensions to the
SQL language that look something like the following:

insert into assets_table
sel ect xml extract("/group/ci:statenents.bal anceSheet/
ci: Assets. current Asset s[ @uneri cCont ext =" C0101’
]/text()", balancesheets)
fromxm tabl e

It should be noted that the above example is not standard
ANSI-SQL but an illustration of extending the SQL language
with XPath queries. In the statement above, the SQL language
is used to extract the currentAssets XML element from all com-
pany balance sheets stored in the balancesheets table and
insert it into a relational column in assets_table.

Desired solution

A more declarative solution could be an XQuery-based engine
that maps incoming XML documents into SQL tables. The most
standard mapping available between XML and SQL is SQLX.

Using XQuery queries, the incoming document could be
translated to one or more SQLX documents. These documents
can be automatically mapped into the database. Of course,
this assumes that the SQL interface in the relational database
has been augmented by an XQuery interface and allows “auto-
matic” insertion from SQLX documents into SQL tables.

Immediate solution

Sometimes shredding might not be the best solution
because the IT department is required to store the whole XML
document to maintain the “original” copy of transactions. The
best examples are financial data like mortgage applications,
trades, analyst reports, and balance sheets.

Storage of the complete XML document is closely tied with
the extent of support for a native XML data type in an RDBMS
type. In the simplest solution, the XML document can be
stored as a BLOB. But, the BLOB storage does not help the

THE CHALLENGE
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Figure 1 - The challenge
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application developer. The storage needs to be complemented
with an indexing scheme that allows searches on these docu-
ments to run faster. Some of these indexing schemes are
described in greater detail in the indexing section.

Desired solution

The RDBMS should identify XML documents as separate,
distinct types within the SQL system. As in any other type, the
application developer should be able to validate the incoming
data against user-defined constraints. In the case of XML, the
XML should be parsed for validity against the user-defined
XML Schema. For documents without well-defined XML
Schema, the document should be at least valid XML. Of
course, the insertion, deletion, and updates of XML docu-
ments should be transactionally consistent.

Another aspect is updates of parts of the XML documents.
There should be a standard language (a la SQL) that allows the
user to express updates to an XML document. In time, XQuery is
anticipated to have updates added as part of the standard syntax.

Immediate solution

The short-term solution for indexing has been extraction of
the data into a base SQL-type column. Conventional relation-
al indexes like B-Trees are then constructed on this base.
Whenever XML Query is run, the index is used to qualify the
XML document.

There are many problems with this short-term solution.
Instead of qualifying a particular element within the docu-
ment, the whole XML document is qualified. For example, in
an XBRL document, if you wanted the total assets only when
the total liabilities were greater than $1 million, this solution
would only qualify the document without giving the exact part
of the XML document that the application needed.

Another case of “non-native” indexing is when all informa-
tion inside XML documents is shredded and indexed. Even
though all values are now indexed using powerful SQL index-
es, the fidelity of the XML document is lost, the contextual
nature of information is all but destroyed, and the re-creation
of the original XML document becomes impossible.

Desired solution

As can be seen, all immediate/short-term solutions are
focused on reusing relational indexes that will require a very
sophisticated two-way application-level mapping between
XML and relational data. This mapping defeats the whole pur-
pose of using the relational engine to reduce the code needed
in the application layer.

Therefore, the desired solution is for the database to have
native XML indexes. There are many types of native XML
indexes:

« Path-based indexes: These are indexes that allow paths to
be resolved without going through the whole document.
Thus, the context-based queries can be immediately
resolved using the path indexes.

« Value indexes: These are indexes that allow fast retrieval of
XML fragments based on the value within the elements.
Thus, all predicated queries can be immediately resolved
using the value indexes.

e Link indexes: These are indexes that allow for faster naviga-
tion between fragments of XML data. In many cases, link
indexes are useful when re-creating the XML fragment that
the application needs.

When all three indexes are available, entire XPath queries
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can be resolved using the indexes. This avoids the cost of pars-
ing or traversing the entire XML document for each and every
XPath query. An example is shown below.

"/transaction[transactionData/tradeld >=10 and
transactionDatal/tradeld <=20]//trade/tradeHeader"

Consider the above XPath query to illustrate the usage of
native XML indexes. The initial path (in blue) “/transaction”
is resolved using a path index. The predicates (in green)
“transactionData/tradeld >=10" and “transactionData/
tradeld >=10" are resolved using value indexes. The output
fragment (in red) “trade//tradeHeader” is recreated using a
link index.

Immediate solution

Where there is data, there are queries. When storage of
XML documents has been added to the database, the query
language for the database should be modified for searching
within these XML documents. Currently, many;, if not all, data-
bases support XPath queries embedded inside SQL queries.

As the IT developer knows, there are many XPath imple-
mentations available, so why would one choose the XPath
processor inside the database? Apart from performance, is there
any other gain in performing XPath queries inside the database?

The answer lies in SQL-XML interoperability. In many
cases, the application developer needs to qualify XML data
based on SQL data or vice versa. For example, consider an
application that qualifies an employee’s XML entry based on
some relational information. We will go back to using our
XPath extensions to SQL

sel ect manager, ssn

from enpl oyeetab, t1

wher e

"/ hr/enpl oyee[ manager =" John

Cox' ] [ cont act s/ phone/ nobi | e] [ nane/ @sn =
"]/ name/ @sn" xmtest xnicol

+ tl.ssn +

In the above query written using nonstandard XPath exten-
sions to SQL, we use information stored in the relational data-
base to qualify an XML document. There are many semantic
problems with the above example — most of them caused by
mixing of the relational data model with the hierarchical XML
data model. That brings us to the desired solution.

Desired solution
Even if the XPath queries are embedded in SQL, they are
not fully interoperable. Therefore, a fully functional solution to

XML querying inside relational databases would:

* Provide complete duality between the SQL as a query lan-
guage and XML as relational data, i.e., SQL column values
can be used to qualify XML data and vice versa.

* Provide XQuery support for duality between XML Query
Languages and relational/XML data stored in the RDBMS.

* Provide a high-performance engine that uses age-old, rela-
tional optimization techniques to use the indexes described
above.

Immediate solution

In many cases, the basic assumption of data processing in
a database implies local storage. But, in the XBRL example, the
application developer has to fetch data from different divi-
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sions. This data could be transported to the databases as XML
documents returned from a Web service, a plain text XML file
in the file system, data available at a Web site, or plain rela-
tional data sent as a comma-separated file.

The short-term solution for the application developer is to
import all the external data inside the database. But this could
create multiple copies of the data as well as create an issue of
synchronization between the data sources. That brings us to
the desired solution.

Desired Solution

Even though we used the colloquial term of “combine” to
express data from heterogeneous sources, the better technical
term is “federation.” Most relational databases have architec-
tures to federate sources of relational data. This infrastructure
needs to be extended to streams of XML information available
through wrappers, Web services, and Web sites. On the API
side, given that these sources are hierarchical in nature,
queries across these sources are best expressed in a language
like XQuery rather than SQL.

Immediate solution

Currently there are very few solutions for transformation of
XML from one format to another. For example, what if an ana-
lyst wanted to use the XBRL document to create a report in
RIML formats for a trader? What if the trader wanted to use
this information to create an FpML (Financial Products
Markup Language)-based trade? The current solutions lean
very much toward additional clauses in SQL that let you gen-
erate different types of XML. However, these syntactical exten-
sions to SQL are very restrictive as they provide a limited range
of formats, are not declarative, and do not let users specify a
series of nested XML transformations from one to another and
So on.

sel ect * from bal ancesheets for xm

In the above example, we transform relational data stored
in the table balancesheets into XML data using a simple syn-
tactical construct called “for xml.” The results of this query are
now generated in XML rather than the base types that applica-
tion developers are accustomed to.

Desired solution

XQuery provides excellent syntactical support for genera-
tion of XML documents. A series of nested XQuery functions
and queries could provide the infrastructure for transforming
XML documents from one format to another.

Apart from the ability to query XML data (a la SQL), the
return clause in XQuery can be used to create XML documents
of different formats. The next logical step would be to give
complete interoperability between XQuery across relational
and XML data.

Using this detailed analysis, the IT department decides to
use some immediate solutions around the database features
described above. The focus of the IT project shifts from devel-
oping an XML infrastructure to using the robust XML infra-
structure provided in the database. In some cases, the applica-
tion developer might have to create a solution through anoth-
er software piece or through homegrown solutions. But it’s
better to evaluate and use the infrastructure provided by exist-
ing relational database technology that has the credibility
earned after years of research, development, and real-life cus-
tomer usage.

www. XML-JOURNAL.com

As can be seen from each of the examples, there are many
parts to the XML processing puzzle. Many of these parts fit quite
elegantly with the roles that traditional databases have played in
enterprise-class applications for many decades. For other parts
of the puzzle, the relational databases will have to add new fea-
tures and the relational database users will have a learning curve
for these new features. Even though there are many obstacles, for
most real-life XML usage, interoperability between relational
and XML data cannot be ignored. Traditional characteristics like
robustness and reliability cannot be sacrificed. In time, most
relational databases will have features that will seamlessly bridge
the gap across these different forms of data. »:Q
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case of Web services and service-oriented solutions this

is presented to the underlying software as XML docu-
ments. The representation and handling of these documents
within the software is a major challenge with traditional devel-
opment approaches, and often leads to complicated collec-
tions of software programs interfering with the clear flow of
business information through an application. This article will
show that a new approach is essential in order to simplify the
complexity of today’s software solutions while significantly
reducing the cost of inevitable future change.

n t the heart of any software program lies data, and in the

Presentation, exchange of data (both in terms of messaging
and logic), and the storage of that data are the core require-
ments for most applications. For most people, XML is first used
in the presentation layer because this means that an application
can produce many different types of output from the same
incoming data using transformations. Web browsers, mobile
devices, and PDF file readers can all have output generated
from one incoming document, and this means that many appli-
cations now produce their output in XML format.

QOver time, most people’s use of XML spreads throughout the
application’s layers. It may be used to pass messages around
between applications, technologies, or businesses. EAI projects
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Figure 1 - The evolution of XML adoption throughout the application layers
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use XML to pass data as messages between systems and mid-
dleware technologies. RSS feeds mean that XML data is used to
syndicate content across multiple systems. Open standards for
business transactions such as Origo, ebXML, RosettaNet, and so
on mean that people are moving away from fixed EDI-type data
into this new, extensible format for data exchange (e.g., The
Accredited Standards Committee [ASCI] X12), which can halve
costs.

This has, for some, ultimately led to XML being used as a
storage medium for information. This may be as configuration
files to aid in control of the underlying business logic, or per-
sistent storage within native XML databases, or message track-
ing through messaging middleware. In some cases, the business
logic of the application itself is contained within XML files (see
Figure 1).

The inherent strengths of XML have ensured that the data is
easier to understand because it can now contain the semantic
information that describes it, and the extensibility also allows
applications to respond more effectively to the changing needs
of the business environment. XML has permeated through all of
the application’s layers, but because the growth of XML usage
was evolutionary, many existing systems do not directly process
XML data.

Traditionally, the main challenge when working with XML is
that, at some point, the document must be converted into
structures in code, but the business processes themselves are
described declaratively in terms of the business document. The
business analysts and architects work at the business document
and business rules level, but the programmers need to work
with the data within the software code in a different manner
because the underlying code base does not understand the doc-
uments. This separation between the document and the under-
lying representation in the code means that there is often a need
to provide a mapping of some sort between the two layers. This
creates the classic disconnect between the business needs and
the programmer’s coded implementation (see Figure 2).

To make use of an incoming XML document in software
code, we have to convert this document into code objects so
that we can interrogate it. In the case of an XML document,
there are two options available: represent the document as a
document (using a document object model such as DOM, for
example), or represent the data contained in the document as
business objects in the code. This article will discuss the differ-
ences between these two approaches and will discuss how a

www. XML-JOURNAL.com
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new document-oriented approach can help to deliver far
greater flexibility and agility.

Many automated binding solutions take an XML Schema
and generate classes from this structure. This has the unfortu-
nate side effect of tying the code tightly to the incoming XML
structure — should the structure of this document or the organ-
ization of data within this document change in any way, the
code would now not be able to manipulate the new version
without some potentially considerable alterations. If the incom-
ing data were invalid (in terms of structure or organization) the
code may not be able to deal with this at all.

The common solution to this problem lies in the form of an
intermediate binding layer. These bindings sit between the
incoming data and the underlying representation of this data in
the code and act as a translation layer between the two. This
abstracts the incoming data away from the underlying code,
gaining an obvious advantage in that the underlying processing
is now no longer directly tied to the incoming data.

While this approach is a useful one, it does mean that we're
now tied to the underlying data representation in the code.
Should the data change (perhaps because the application needs
to accept a different XML standard or structure), the underlying
software model would need to be changed to deal with this. This
might mean that processing is now duplicated across several
classes because the data they’re processing is different. Even if
the data can be mapped, however, we still need to code a new
binding layer for this new incoming data structure. As more
partners start to use this service, the underlying code will
become more and more difficult to maintain.

Reuse of code also becomes an issue in such cases. When the
underlying logic is spread and duplicated across the applica-
tion, it becomes very difficult to see areas where the code can be
refactored, or where logic can be reused. This leads to problems
in future development and maintenance of the application.
This is particularly apparent in highly complex, time-critical
applications, because a considerable amount of knowledge is
required to understand where the busi-

ing solutions may also lose information contained within the
structure of the incoming XML, but even if they don't there may
still be problems when marshalling data types into the underlying
code, or unmarshalling them back out again afterwards. Consider
the differences between the sizes and formats of primitives (such
as integers, decimals, arrays, and so on) across different languages
and platforms, and mapping these to one another via XML struc-
tures may not be possible at all, or might require compromises
with far-reaching consequences.

Another major disadvantage of converting the document
into code structures is that it also separates the logic from the
incoming business document context. The program will not act
on the data directly — instead, it will be converted into another
representation, and at that point it becomes harder to see what
has happened to it because it is no longer a human-readable
document, but is instead represented as binary data within
code. It is now also much harder to debug, because the infor-
mation must be extracted from the code - it is no longer clearly
visible.

As we can see, binding data into code can present a number
of challenges. What is needed is a new approach in which evo-
lution and interoperability are simple and easy. This new
approach must combine visibility with agility, and must be able
to deal with multiple versions of incoming data without the
need to reimplement much of the existing business logic (see
Figure 3).

In the real world, documents are used to pass data around —
forms, notes, memoranda, and e-mails are all used to convey
information and data to the recipients. As these documents are
passed around, they are often altered, manipulated, copied, or
changed into another format. This “paper trail” of processing is
easily visible, and the process can be adapted to adjust to new
data and new information quickly and easily.

Bearing that in mind, it appears that keeping our data in the
form of documents (or a DOM docu-

ness logic is located, what is actually
happening within a given business
process, and how that impacts the
business documents flowing
around.

fiiad®)

ment object in the code itself) will
solve many of our problems. First of
all, abstracting the documentinto a
different code structure isn't actu-
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Is it necessary to turn business documents into coded objects?

and we can then add, remove, or change elements of the docu-
ment based on the results of these queries using our software
language of choice. The main advantage of this approach is that
we always have a document available for inspection, making
debugging the Web service or application much easier. It also
allows for a clear audit trail, which may well be necessary in cer-
tain situations.

Another advantage is that it parallels the real-world model of
the process in such a way that the business processes are more
visible to business stakeholders. More readily understood repre-
sentations of business processes ensure that future mainte-
nance and development are simplified because the underlying
processes are easily visible. The logic acts directly upon the doc-
ument data, and because there is no mapping (or, at worst, a
one-to-one mapping in the case of a DOM object) of the data
into collections of code structures, the underlying logic is much
easier to see.

This approach also ensures true standards compliance. XML
and XPath are open standards, freely available and widely used.
Operating directly on XML documents ensures compliance at
every stage of development. This approach ensures portability
because the application’s logic is no longer dependent on the
software code language. Passing XML documents around also
ensures that interoperability is no longer an issue - if the servic-
es we use can accept XML, there is no interoperability problem.
All we need to do is to send the document to a different location.

Working on the document directly also ensures that, at every
stage, we have access to the information. This mirrors the real-
life situation in which a document is passed from person to per-
son. This ensures that debugging the application will be far eas-
ier than trying to extract information contained in data models
in the underlying code. Each process does something to the
document, so by looking at the documents before and after
each step we can see exactly what has or has not been done to
that document.

In terms of code, this approach suggests that at each point
we need to think in terms of the function of the code as it relates
to the manipulation of a document: In other words, what will
happen to the document as it passes through this code? The
easiest way to demonstrate this is by thinking in terms of a real-
life purchase order scenario for a retailer organization that uses
external suppliers for product fulfillment. First, the incoming
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purchase order document is checked over to make sure it has
the correct authorization and that the expenditure is within
given ranges — validation. This may be countersigned or
stamped to say that it's been checked before it's passed to
someone else to handle the next stage of the process (i.e., the
ordering process). This new person will fill out an order form for
the company selling the product using the content of the first
document to populate the relevant fields to the new document.
This document will then be given to the company that supplies
the goods, and they will in turn return a new document in the
form of a receipt after it's been processed.

When modeling out a document-based application, it
makes business sense to think of these processes being per-
formed by someone or something because this mirrors the real-
world process in a way that’s clear and easy to understand for
both business and development users. Each individual step can
be broken down into a series of entities performing business
tasks on the document, and the term most often used to
describe this entity is an “agent.”

Once the information has reached the agent, it must be
checked to ensure that it can be used appropriately by the agent
for the business task that it provides or delivers. With XML doc-
uments, there are several ways that this content can be checked.
The first (and most obvious) of these is by schema validation.
This can ensure that the incoming document is syntactically
valid. This means that incoming data is processed on a best-
effort basis, and that the incoming document can be rejected if
it does not contain the expected data.

If the application reacts to the data in the incoming docu-
ment, then the application can be extended iteratively by
adding processing that reacts to the product of the previous
results. The application might initially begin by validating the
content in some way, and returning a message to let the user
know if the data is valid or not. To extend this processing we now
only need to react to this new piece of data. This ensures that
each stage of processing is clearly separated and can be added
iteratively to make development and maintenance much sim-
pler, as well as allowing for easy maintenance and extensions to
functionality in the future.

Working directly with documents means that operations
must be defined to make alterations to them. Ideally, these pro-
cessing actions will mirror the actions that a human operative
would make when processing a document manually - store it,
read some information from it, write to it, send it somewhere
else, transform it into a new document for another business
service to use, and so on. This makes it easier to see what is hap-
pening throughout the process, and debugging is simplified by
the ability to save the document out at each processing stage to
ensure that the processing is performed correctly. This
approach also allows each agent to be tested and debugged
individually, and for the resultant application to be constructed
in a modular and iterative manner promoting reuse and
improving maintainability.

Of course, these maintainability issues also apply to the
incoming data. What happens if the incoming data structures
are altered, perhaps by the need to incorporate a new standard
for a business document into the application? By making use of
XML documents we can ensure that the processing is flexible,
easily extensible, and above all else maintainable. By handling
XML documents directly and acting on their content, convert-
ing an incoming document into the expected structure for pro-
cessing is as simple as adding a new rule to transform the
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incoming data when it matches the new structure. Without this
new rule, the new incoming document will simply not be
processed by the application, making the application more
robust and resilient.

We've looked at using XML documents directly when devel-
oping business logic. This document-oriented development
approach is ideally suited to Web service and service-oriented
solutions, and also provides massive benefits in maintainability.
Making use of documents in software echoes the human, docu-
ment-based world in which most business processes exist, and
by echoing this we can leverage the understanding that we
already have of these processes. This will simplify both the con-
struction of new applications and the maintenance of existing
applications constructed using this model.

Business stakeholders understand business documents but
often don’t understand object models, UML, relational database
models, and so on. Business and IT development can now con-
verse based on the same business models, and this will deliver
far greater collaborative benefits and effective communication
between them.

As the adoption of XML Web services and service-oriented
architecture solutions accelerates, any edge we can gain when
constructing new applications or altering existing applications
can translate rapidly into commercial gain. Any improvements
we can make to the speed of assembly and construction of new
applications, or alterations to existing applications in a
response to the changing world around us, can impact this, and
making the most effective use of data through documents
becomes an essential evolutionary step.

By making the information available to both humans and
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machines simultaneously, we enable the rapid evolution of
business processes in a world where Darwin’s evolutionary
principles apply. Can we really afford to be without the benefits
of reacting dynamically to document content within applica-
tions?

Native XML applications will pay long-term dividends as the
use of XML becomes pervasive. If companies are eager to evolve
and to react quickly in response to the changing business world
around them, they must use new approaches that allow this
evolution to occur in a natural, progressive, manner that echoes
the evolution of the business world.

To see an example of this approach visit our Web Services
Developer Centre at www.hyfinity.net and click through “Intelli-
gent Web Services in Minutes.”

e Document Object Model (DOM): www.w3.0rg/DOM/
« Java Binding (JAXB): http://java.sun.com/xml/jaxb/
e XPath Specification: www.w3.0rg/TR/xpath
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Exploring the possibility of one API for XML processing

raditionally, APIs for processing
I XML have been categorized
according to whether they're
designed for processing entire XML
documents loaded in memory, such as
the W3C DOM, or for processing XML
in a streaming, forward-only fashion,
such as SAX. However, these divisions
do not fully represent the various class-
es of APIs for processing XML.

In a recent article entitled “A Survey
of APIs and Techniques for Processing
XML,” | describe six primary method-
ologies for processing XML.

1. Push-model APIs such as SAX

2. Pull-model APIs such as the .NET
Framework’s XmIReader class

3. Tree-model APIs such as DOM

4. Cursor-model APIs such as the .NET
Framework’s XPathNavigator class

5. Object-XML mapping technologies
such as the .NET Framework’s XmISe-
rializer class

6. XML-specific
XQuery

languages such as

This list highlights that the range of
considerations when choosing an APl or
technique for processing XML extends
beyond forward-only access over XML
streams versus random access over XML
documents stored in memory. Other
considerations include whether the
XML being processed is used to repre-
sent semi-structured documents versus
rigidly structured data, whether the
XML is considered to be strongly or
weakly typed, and ease of use of the API.

The purpose of this article is to
explore whether a single API could be
designed that satisfies the various needs
that warrant the existence of six differ-
ent categories of technologies for pro-
cessing XML.

One of the main reasons for XML’s
rise to prominence as the lingua franca
for information interchange is that,
unlike prior data interchange formats,
XML can easily represent both rigidly
structured tabular data (e.g., relational
data or serialized objects) and semi-
structured data (e.g., office documents).
However, applications that utilize XML
typically produce or consume XML that
is primarily either rigidly structured
data or semi-structured documents.
Several defining characteristics distin-
guish both XML usage patterns.

Software applications are usually the
primary consumers of XML documents
that represent rigidly structured data.
Such XML documents usually have con-
tent that is meant primarily for machine
processing that is labeled with markup
targeted for human consumption. XML
configuration files, log files, and relation-
al database dumps are examples of rigid-
ly structured data that are meant prima-
rily for machine processing. The markup
in these documents is mainly of use to
human readers who are either editing or
debugging an XML application. Such
XML documents typically comprise ele-
ments and attributes where only the
deepest subelements — the leaf nodes -
contain character data. Although XML
considers the order of elements to be sig-
nificant, the order of sibling elements in
such documents is often not important
to the semantics of the document (e.g.,
the order of the rows in a database dump
is often not significant). The following is
an example of an XML document repre-
senting rigidly structured data:

<items>
<conpact - di sc>

<price>16.95</price>
<artist>Nelly</artist>
<title>Nellyville</title>
</ conpact - di sc>
<conpact - di sc>
<price>17.55</ price>
<artist>Baby D</artist>

<title>Lil Chopper Toy</title>
</ conpact - di sc>
</items>

Human readers are usually the pri-
mary consumers of semi-structured
XML documents. In this case, the XML
markup assists software applications to
process the data. Web pages and busi-
ness documents are examples of semi-
structured documents that are meant
primarily for human consumption.
Their markup is mainly of use to pro-
grams that are processing or displaying
the information within the documents.
Such XML documents typically com-
prise elements and attributes where
character data appears alongside
subelements, and character data is not
confined to the leaf nodes. The inter-
leaving of character data with subele-
ments is often described as mixed con-
tent. The order of elements in semi-
structured documents is often signifi-
cant (e.g., the order of chapter elements
within a book element matters). Fea-
tures such as entities, processing
instructions, and comments are more
likely to be used in semi-structured doc-
uments to aid authors and readers of the
XML. The following is an example of a
typical semi-structured XML document:

<p
xm ns="htt p: // wwv. w3. or g/ 1999/ xht m / " >
If custoner is not available at the
address then attenpt to

| eave package at one of the
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following locations listed in
order of
whi ch should be attenpted first
<ol >
<li>Next Door</Ii>
<li>Front Desk</li>
<li>0n Doorstep</li>
</ol >
<b>Not e</ b> Renenber to |eave
a note detailing where to
pi ck up the package.
</ p>

In reality, many uses of XML fall
somewhere in the middle, where there is
an island of rigid structure within a
semi-structured document or an area
with “open content” in a rigidly struc-
tured document. XML easily accommo-
dates these scenarios because the
choice of which model of document to
exchange is not mutually exclusive.

The different XML usage patterns,
semi-structured documents and rigidly
structured data, typically have different
requirements when it comes to access-
ing the content within XML documents
as typed data.

Consumers of such XML documents
that contain rigidly structured data often
want to consume the documents as
strongly typed XML. Specifically, such
applications tend to map the elements,
attributes, and character data within the
XML document to programming language
primitives and data structures so that they
can better perform operations on them.
This mapping is usually done using either
an XML Schema or a mapping language.
Listing 1 is an example of a W3C XML
Schema document that describes the
strongly typed view of the XML document.

Consumers of semi-structured XML
documents typically want to consume
the documents as weakly typed or
untyped content presented as an XML
data model. In such cases XML APIs that
emphasize an XML-centric data model,
such as DOM and SAX, are used to
process the document. An XML-centric
view of such semi-structured docu-
ments is preferable to an object-centric
view because such documents typically
use features peculiar to XML, such as
mixed content, processing instructions,
and the order of occurrence of elements
within the document is significant.

The first question to ask is whether
it’s feasible for an API that is meant to

process both rigidly structured XML
data and semi-structured XML docu-
ments to be based on the same XML
data model. XML documents containing
rigidly structured data typically consist
of XML elements and attributes with
character data. Semi-structured XML
documents also typically consist of ele-
ments and attributes with character
data but also utilize other aspects of
XML, such as processing instructions,
comments, CDATA sections, and enti-
ties. However, given that CDATA sec-
tions are just a syntactic shortcut
around encoding certain types of text
and entities are just placeholders for ele-
ments or character data, they actually
do not have to be represented in the
data model. XML documents that con-
tain rigidly structured data as well as
semi-structured documents may utilize
XML namespaces, which should also be
accounted for in the data model.

There are already a number of existing
abstractions for XML documents, includ-
ing the XML DOM, the XML infoset, and
the XPath 1.0 data model. Of these the
XPath 1.0 data model best meets the
requirements set forth in the previous
paragraph. The XPath 1.0 data model pro-
vides a simple and consistent view of an
XML document that is loosely coupled to
the text-based nature of the XML 1.0 rec-
ommendation. The fact that the XPath
1.0 data model ignores certain aspects of
the XML 1.0 recommendation makes it
easier to map other domain models to
the XPath 1.0 data model. For instance,
information such as which quotation
characters are used in an attribute or
whether character data was directly
entered or represented as an entity is not
directly exposed in the XPath 1.0 data
model. Thus, when exposing a relational
database, file system, or in-memory
object graph as XML it is easier to do so if
the API doesn't require you to expose
information that is only pertinent to
XML text documents. Examples of such
“virtual XML” views of relational and
object-oriented data based on the XPath
1.0 data model are Microsoft’s SQLXML
and the ObjectXPathNavigator on
MSDN, respectively.

There is one limitation of the XPath
1.0 data model that makes it less than
ideal for use in representing rigidly
structured data within XML documents:
the lack of support for strong typing. The
XQuery and XPath 2.0 data model is the
next iteration of the XPath 1.0 data
model. The data model is the XPath 1.0
data model with the addition that the
data types associated with elements and
attributes can be identified using an

expanded name (i.e., the xs:QName
type). The ability to identify the data
type of nodes via the namespace URI
and a local name (i.e., an expanded
name) provides a loosely coupled mech-
anism for supporting W3C XML Schema
data types and potentially any other
type system in which individual types
can be identified by an expanded name.

Thus, we have arrived at the
XQuery/XPath 2.0 data model as the
data model suitable for an API that is
meant for processing both rigidly struc-
tured XML data and semi-structured
XML documents.

In “A Survey of APIs and Techniques
for Processing XML,” | pointed out that
pull-model APIs can handle streaming,
forward-only access to XML, as well as
push-model APIs. Thus, both categories
of XML APIs can be collapsed into a sin-
gle one: streaming, forward-only access
to XML.

Listing 2 is an example of using the
pull-based XmIReader class in the .NET
Framework to obtain the artist name and
title of the first compact disc in an items
element (Listings 2-7 can be found at
www.sys-con/xml/sourcec.cfm).

In the same article | pointed out that
on close inspection a pull-model parser
is a cursor that happens to be restricted
to being able only to move forward and
not back. Listing 3 is an example that
utilizes the .NET Framework’s XPath-
Navigator class to obtain the artist name
and title of the first compact disc in an
items element

From the examples in Listings 2 and
3 it doesn’'t seem that there is much dif-
ference between accessing the contents
of an XML document using a cursor-
model API and using a pull-based API.
But looks can be deceiving. In simple
cases there is not much difference
between the two, but it does get slightly
more difficult in complex cases.

The primary programming idiom
when using a pull-based parser is to cre-
ate a loop that continually reads from
the XML document until the end of the
document is reached and to act solely
upon items of interest as they are seen.
The same effect can be achieved using a
traditional cursor-model API as shown
in Listing 4.

The output of both DumpTree()
methods when passed one of the XML
fragments from earlier in the article is
shown in Listing 5.

From Listing 5 it can be seen that a
cursor-model API can be used to walk all
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the nodes in an XML document in docu-
ment order in much the same way as a
push- or pull-based API. However, in the
example above, the code using the .NET
Framework’s cursor-based XPathNavi-
gator class is more cumbersome than
equivalent code using the XmlReader
class. This has less to do with the nature
of cursor-based APIs and more to do
with the fact that the XPathNavigator
class does not have helper methods that
make it friendly towards traversing
nodes in document order.

To make the .NET Framework’s
XPathNavigator more suitable as an
API for pull-based processing of XML,
you could introduce a base class called
ForwardOnlyPathNavigator,  which
would possess only the forward-only
access methods from the XPathNaviga-
tor and possibly an additional Move-
ToNextiInDocumentOrder() method
that would make it equivalent to most
pull-based APIs. This would then unify
the streaming, forward-only access
model for XML documents with the
cursor model.

In “A Survey of APIs and Techniques
for Processing XML,” | pointed out that
cursor-model APIs could be used to tra-
verse in-memory XML documents just
as well as tree-model APIs. Cursor-
model APIs have an added advantage
over tree-model APIs in that an XML
cursor need not require the heavyweight
interface of a traditional tree-model API
where every significant token in the
underlying XML must map to an object.

Listing 6 is an example of using the
XmlIDocument class in the .NET Frame-
work to obtain the artist name and title
of the first compact disc in an items ele-
ment.

Listing 6 shows a common idiom
when accessing XML through a tree-
model API; the nodes of interest are
requested through a query mechanism,
then processed as needed. A similar

usage pattern is evident in cursor-based
APIs as Listing 7 using the .NET Frame-
work’s XPathNavigator class shows.

From these examples it can be seen
that a cursor-model API is a satisfactory
access mechanism for processing XML
documents in-memory.

A large number of consumers of
rigidly structured XML data tend to pre-
fer it to be strongly typed so it can be
mapped to objects and data structures
native to the programming environ-
ment. The growing popularity of Object-
XML mapping technologies such as
JAXB, the .NET Framework’s XmlSerializ-
er, and Castor is a testament to this
trend. In such cases the consumer is
usually not interested in the fact that the
data is provided as XML as long as it can
be mapped to objects and data struc-
tures in the target programming envi-
ronment.

You would then be justified in
expecting that such consumers would
be uninterested in XML APIs. However,
this is not the case. A number of people
have seen the growing benefits of being
able to access objects as XML infosets
when necessary since it gives them
access to a wide range of technologies
for processing XML such as rich queries
using XPath (this is the basis of the
ObjectXPathNavigator described in an
Extreme XML column on MSDN). In
such cases, a cursor-model API that pro-
vides an XML view of an object graph
turns out to be quite beneficial. This
approach was taken by the aforemen-
tioned ObjectXPathNavigator as well as
BEA's XML Beans technology.

In some cases this means the ability
to nest cursors is important. For
instance, many XML Schemas written
using the W3C XML Schema Definition
Language (XSD) use the wildcards
(xs:any and xs:anyAttribute) to enable
extensibility of the XML messages being
sent. This often leads to some parts of
the document being strongly typed

LISTING 1-

<xs:schema xm ns:xs="http://ww.
w3. or g/ 2001/ XM_Scherma" >

<xs: el ement name="itens">
<xs: conpl exType>
<Xxs: sequence>
<xs: el ement ref="conpact -
di sc" m nQccurs="0"
maxCccur s="unbounded" />
</ xs: sequence>
</ xs: conpl exType>
</ xs: el enent >
<xs: el ement nane="conpact -di sc">

<xs: conpl exType>
<xs:sequence>
<xs: el enent name="price"
type="xs:decimal" />
<xs: el enent name="artist"
type="xs:string" />
<xs: el enent name="title"
type="xs:string" />
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >

</ xs: schema>
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while others are untyped. The XmiSeri-
alizer in the .NET Framework maps such
untyped content to one or more
instances of the XmINode class. Given
that an instance of XmINode can itself
provide a cursor over its contents, the
cursor over an object that contains one
or more XmINode objects as fields or
properties needs to know how to handle
nested items that provide their own
XML cursors.

The purpose of this article was to
explore whether it was possible for a sin-
gle API to satisfy the major usage sce-
narios for consumers of XML docu-
ments. When | first started this article |
assumed the answer was no, but once |
actually started to investigate the issue |
was surprised to find out that my initial
impressions were mistaken. It is actually
possible for a cursor-model API based
on the XPath/XQuery data model to sat-
isfy the needs of the users of several cat-
egories of XML data access technolo-
gies. The cursor-model APl would be
factored into forward-only and random-
access versions to balance the needs of
those who want streaming access to
XML versus those processing entire XML
documents in memory. A cursor-model
APl is also a nice compliment to XML<-
>Object mapping technologies because
it enables users to transform the data
within an XML document into primi-
tives and data structures within their
target programming language while
retaining the ability to access the data as
XML nodes.

The primary criticism of such an API
is that it would be a compromise across
widely differing usage scenarios and
thus may not be optimized for the
specifics of a given scenario. If such an
APl was designed and intended to
replace existing models for processing
XML, it would have to be carefully
designed not to have too little function-
ality by being focused on the lowest
common denominator nor too much by
trying to have all the functionality of
existing APl models, thus making it
bloated and difficult to use.

It will be interesting to see where the
future takes us. &9

* Obasanjo, Dare. (2003). “A Survey of
APIs and Techniques for Processing
XML.” www.xml.com/pub/a/2003/

07/09/xmlapis.html
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