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The explosion of the Internet and e-business
in recent years has caused a secondary
explosion in the amounts and types of
information available to enterprise
applications. Industry analysts predict that
more data will be generated in the next three
years than in all of recorded history. Because
the adoption of Internet-based business
transaction models has significantly outpaced
the development of tools and technologies to
deal with the information explosion, many
businesses find their systems breaking under
the sheer volume and diversity of data being
directed at them. The challenge facing
businesses today is information integration.
Enterprise applications must interact with
databases, application servers, content
management systems, data warehouses,
workflow systems, search engines, message
queues, Web crawlers, mining and analysis
packages, and other enterprise integration
applications. They must use a variety of
programming interfaces and understand a
variety of languages and formats. They must
extract and combine data in multiple formats
generated by multiple delivery mechanisms.
Clearly, the boundaries that have traditionally
existed between database management
systems, content management systems,
midtier caches, data warehouses, and other
data management systems are blurring, and
there is a great need for a platform that
provides a unified view of all of these services
and the data they deliver.

If current trends continue, more data will be gen-
erated in the next three years than in all of recorded
history,1 and the widespread adoption of the Inter-
net has made nearly all of it just a URL (uniform re-
source locator) away. This explosion of information
presents an exciting cross-industry business oppor-
tunity. Enterprises that can quickly extract critical
nuggets of information from the sea of accessible
data and transform them into valuable business as-
sets are in a strong position to dominate their mar-
kets.

Such an undertaking is no small task. Today’s en-
terprise systems extend beyond the walls of the cor-
porate data center to include customers, suppliers,
partners, and electronic marketplaces. These systems
interact with databases, application servers, content
management systems, data warehouses, workflow
systems, search engines, message queues, Web crawl-
ers, mining and analysis packages, and other enter-
prise applications. They require a variety of program-
ming interfaces (ODBC [open database connectivity],
JDBC** [Java** database connectivity], Web services,
Java objects, J2EE** [Java 2 Platform, Enterprise Edi-
tion]) and work with a variety of data models and
languages (SQL [Structured Query Language], XML
[Extensible Markup Language], XPath [XML Path
Language], WSDL [Web Services Description Lan-
guage], SOAP [Simple Object Access Protocol]).
These systems combine data with different time prop-
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erties, such as real time (stock tickers, news wires),
current (databases), slightly out-of-date (midtier
caches, database replicas), and historical (data ware-
houses). Data are generated by multiple delivery
mechanisms (applications, databases, files, CD-ROMs,
continuous data feeds, e-mail, Web downloads) in
a variety of formats (relational tables, XML docu-
ments, images, video, sound).

The challenge for enterprise software applications
today is information integration. Information integra-
tion is a technology approach that combines core el-
ements from data management systems, content
management systems, data warehouses, and other
enterprise applications into a common platform. In
this paper we characterize the information integra-
tion challenge and describe the components of an
architecture that provides an end-to-end solution for
transparently managing the volume and diversity of
data and data management systems in the market-
place today.

The foundation of the platform is a robust data man-
agement system that provides relational and native
XML data stores as well as access to a “federation”
of rich content servers. The foundation tier exploits
decades of database technology evolution to meet
the storage, retrieval, scalability, reliability, and avail-
ability challenges associated with robust data man-
agement. Tightly coupled with the foundation is an
integration services tier that draws on parallel tech-
nology advances in business intelligence, content
management, and business process integration that
ease the task of developing and managing complex
enterprise applications. A unified interface layer pro-
vides a standards-based programming model and
query language to the rich set of services and data
provided by the foundation and integration tiers.

The next section of this paper briefly reviews the evo-
lution of data management infrastructure and en-
terprise software infrastructure. The following sec-
tion, through scenarios from a diverse set of
industries, illustrates the scope of the information
integration challenge and sketches out the require-
ments for a solution. The following two sections
present the components of a next-generation enter-
prise software technology platform to satisfy these
requirements, and show how this platform addresses
the requirements outlined earlier to provide an end-
to-end information integration solution. The final
section provides a summary.

Enterprise software technology evolution

For the past 30 years, data management systems have
been at the core of enterprise software infrastruc-
ture,2 and Figure 1 captures their evolution. The in-
troduction of the relational data model3,4 and the
concept of data independence in the early 1970s
revolutionized the data management industry and
quickly overtook network and hierarchical systems
for large-scale data management. Over the next two
decades, with outstanding leadership from IBM’s
research and development teams, the relational da-
tabase was transformed into a high-performance,
high-volume query processing engine through key
innovations in storage and retrieval techniques, con-
currency control and recovery, and query process-
ing technology such as cost-based optimization. 5 Dis-
tributed systems and parallel processing techniques
enabled global enterprises to manage large volumes
of distributed data.6 Extensible database architectures
allowed data types, access strategies, and indexing
schemes to be easily introduced as new business
needs arose.7 Federated database technology pro-
vided a powerful and flexible means for transparent
access to heterogeneous, distributed data sources.8,9

As database management system (DBMS) technol-
ogy evolved to manage business data, other impor-
tant technologies evolved in parallel to make the
tasks of managing business logic and business pro-
cesses easier. Data warehouses, data mining, and
OLAP (on-line analytical processing) technology10

added business intelligence, providing a means for dis-
covery-driven and hypothesis-driven analysis over
business data to identify trends and patterns and play
out “what-if” scenarios. Digital libraries and content
management systems11 evolved to manage large
stores of digital media, providing check-in and check-
out services, rights management, and hierarchical
storage migration. Messaging systems and message
brokers12 provided the infrastructure for enterprise
application integration, allowing autonomous appli-
cations to communicate with each other in a scal-
able, asynchronous manner. Workflow systems13

helped to automate business processes, providing the
infrastructure to manage processes such as order ful-
fillment from step to step, assign tasks in the pro-
cess to the right resources, and invoke automated
steps at the appropriate times.

Business applications evolved alongside data man-
agement and enterprise management systems, ex-
ploiting the best features of both to create sophis-
ticated software packages that form the foundation
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of nearly all of today’s businesses. Historically, the
task of integrating these systems has been the bur-
den of the enterprise application developer. How-
ever, this model is no longer sustainable. Legacy cus-
tom-built integration systems cannot keep up with
the scalability and reliability requirements intro-
duced by the widespread adoption of the Internet.
Significant development and computing resources
are devoted to transporting the data from one sys-
tem to another, and transforming the data from one
format to another. To compete in today’s “24 � 7”
global marketplace, enterprise applications require
a new information integration platform that combines
the advances in enterprise data management over
the past 30 years into a single unified interface.

Many commercial systems and academic projects
have addressed various aspects of a comprehensive
information integration platform. Typically, many of
these approaches start “from scratch,” building a spe-

cial-purpose system optimized for a particular use.
For example, products such as Tamino14 and Ipedo15

promise to deliver data stores optimized for XML doc-
uments. Likewise, data federation has a solid re-
search foundation and several commercial imple-
mentations. Projects such as TSIMMIS,16 DISCO,17

HERMES,18 and the Information Manifold19 built spe-
cial-purpose query processing systems to explore var-
ious aspects of federated database technology such
as mediation, compensation, and scalability. Prod-
ucts such as Nimble,20 Callixa,21 and InfoShark22 fed-
erate data outside the database engine. Garlic9 and
DB2* (Database 2*) Relational Connect8 extend a
traditional relational database engine with federated
capabilities, and DiscoveryLink*23 is a commercial
application built on this technology tailored to the
life sciences community.

Indeed, the success of DiscoveryLink validates the
commercial value and robustness of an information
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integration approach that starts with a commercial
database system. As illustrated in Figure 1, an ex-
tensive worldwide investment in DBMS technology
exists today for good reasons. Databases deal quite
naturally and robustly with the storage, retrieval, and
reliability requirements for traditional business data,
and can easily accommodate a variety of data and
access patterns. We believe that a platform that ex-
ploits and enhances the DBMS architecture at all lev-
els is in the best position to provide robust end-to-
end information integration.

The challenge

Current trends indicate that information integration
is a cross-industry challenge. Industries from finan-
cial services to manufacturing have all been touched
by the volumes and diversity of data and continual
demands introduced by an Internet-based business
model. In this section, we present scenarios from

three diverse industries to illustrate the integration
challenge, and from these scenarios we draw out
common requirements for a solution.

Financial services. Our first scenario is for a finan-
cial services company that subscribes to several com-
mercial research publications.2 These publications
provide data formatted in RIXML (Research Infor-
mation Markup Language), an XML vocabulary that
combines investment research with a standard for-
mat to describe the report’s meta-data.24 Reports
may come from a variety of providers, both in-house
and external, and may be delivered via a variety of
mechanisms, such as real-time message feeds, e-mail
distribution lists, Web downloads, and CD-ROMs. Fig-
ure 2 shows how such research information flows
through the company.

When a report is received, it is archived in its native
XML format, and the audio and visual clips are sent
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off to an appropriate media server. Next, important
meta-data, such as company name, stock price, and
earnings estimates, are extracted from the document
and stored in relational tables. The company has a
global presence, so the information is immediately
replicated across multiple sites. This information
is used to detect and recommend changes in
buy/sell/hold positions to equity and bond traders and
key customers. Mining applications more thoroughly
analyze the original document and its extracted meta-
data, looking for such keywords as “merger,” “ac-
quisition,” or “bankruptcy” to categorize and sum-
marize the content. The summarized information is
combined with historical information and made
available to the company’s market research and in-
vestment banking departments. These departments
combine the summarized information with financial

information stored in spreadsheets and other doc-
uments, to perform trend forecasting and identify
merger and acquisition opportunities.

Telecommunications. A telecommunications com-
pany that has completed mergers with several other
companies relies on a custom-built customer service
system to provide support for its clients. This sys-
tem is made up of multiple call centers that were ac-
quired as part of the mergers, and is shown in Fig-
ure 3. When a customer call is received, it is routed
to an appropriate center, recorded, and stored in an
audio server. The audio data are also translated into
a text file and stored in a text repository. To service
the call, the service representative opens a “trouble
ticket” that will be used to track progress on the prob-
lem.

ENGINEERING
SPECIFICATIONS

CUSTOMERS
SUPPORT

PRODUCT DEVELOPMENT

TROUBLE
TICKETS 

SERVICE
QUEUE 

TEXT 
REPOSITORY

AUDIO, 
VIDEO

INVOICES,
LETTERS 

CLASSIFICATION

PRODUCT
MANAGEMENT 

ACCOUNTS RECEIVABLE 

ACCOUNT
INFORMATION 

EXTRACTION

XM
L

FIELD
TECHNICIAN

XM
L

XM
L

XM
L

ANALYSIS

Figure 3 Telecommunications scenario

ANALYSIS

IBM SYSTEMS JOURNAL, VOL 41, NO 4, 2002 ROTH ET AL. 567



First, the representative calls up all relevant infor-
mation about the customer, which may be distrib-
uted or replicated among several sites and in sev-
eral different formats. For example, billing and
account information may come from the accounts
receivable department, and engineering specifica-
tions may come from the product development
group, both of which may be at different locations
than the call center. XML is used to transfer infor-
mation between different sites in the company. Next,
the service representative begins to troubleshoot, us-
ing a sophisticated search engine to help diagnose
the problem. This search relies on key phrases and
problem categories derived from previous trouble
tickets, which may have been generated from phone
calls or extracted from letters or from notes taken
by the field technicians.

After an initial diagnosis, the service representative
places a service request on a queue to be dispatched

to a field technician and reports a confirmation num-
ber back to the customer. A field engineering ap-
plication removes the request from the queue and
assigns it to an appropriate technician, who receives
it on a mobile device and begins the repair. In yet
another part of the company, the Product Manage-
ment department uses the search engine to look for
common problem areas and customer use patterns,
identify quality assurance issues, and discover desir-
able features and new product requirements.

Freight brokerage. A freight brokerage company
provides services for its customers to find the best
freight transportation rates among commercial air-
lines. Figure 4 illustrates this process. Customers and
customer applications request a freight booking by
sending an XML message (perhaps using SOAP) to
the brokerage company, and the arrival of the re-
quest initiates a workflow to process it. The work-
flow archives the original request and then updates
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the customer history with the request information.
A carrier information system matches the client re-
quest with a set of carriers that can transport the
freight, and contacts an external flight scheduling sys-
tem to identify possible flights. Next, the carrier in-
formation system contacts each of the relevant car-
riers to obtain a quote by invoking a Web services
request for each carrier. The winning bid is computed
from the responses and the customer notified. Bids
and responses are both recorded for future analysis,
which is used to monitor carrier partnerships, ob-
tain better contract rates, and to identify transpor-
tation trends and new opportunities.

Information integration requirements. Systems to
handle the described scenarios must rely on various
data management systems and enterprise applica-
tions that come with their own set of APIs (applica-
tion programming interfaces) and tools, and an en-
terprise must develop complex in-house integration
and administration software to maintain them. Al-
though these three scenarios come from a diverse
set of industries, they indicate that the boundaries
that have traditionally existed between DBMSs, data
warehouses, content management systems, and other
data transformation and integration services are blur-
ring. The similarities between these scenarios illus-
trate a common set of requirements for a robust in-
formation integration platform.

Enterprise applications require support for XML as
a first-class data model. Although the relational data
model has driven business applications over the past
three decades, XML has become the lingua franca for
portable data. Businesses rely heavily on it for en-
terprise integration. XML is more suitable for rep-
resenting both semistructured and unstructured data,
and, unlike the relational model, it also provides a
standard representation of the meta-data to describe
those data. This flexibility allows the financial ser-
vices company to receive reports from multiple pub-
lishers, provides a common language for the freight
broker to negotiate bids with multiple carriers, and
enables the telecommunications company to inte-
grate the various customer support systems acquired
through its mergers.

Businesses rely on multiple, diverse sources of data
in their enterprise applications. The financial services
company relies on real-time data feeds, databases,
spreadsheets, and media servers. The freight broker
depends on real-time access to external flight sched-
uling systems and carriers. The telecommunications
application requires access to multiple autonomous

vertical applications. These scenarios make use of
information consolidation, where data are both col-
lected from multiple sources and consolidated in a
central repository, and federation, in which data from
multiple autonomous sources are accessed as part
of a search but are not moved from their original
sources. Some sources of data conform to a schema,
whereas other sources, such as information portals,
do not. Because an enterprise receives information
from so many sources, meta-data to describe the data
available from a source are as important as the data.

Today’s enterprise systems require sophisticated
search and data transformation services with increas-
ingly demanding performance requirements. The

scenarios previously described require parametric
search, full-text search, mining, and digital asset man-
agement services over data stored in a variety of sys-
tems and in a variety of formats. Although special-
ized systems with different APIs exist today to handle
each kind of search, a single system that provides
access to all data and services through a unified in-
terface would simplify application development and
provide better performance.

The scenarios also demonstrate that business pro-
cesses are inherently asynchronous. Customers re-
porting problems are satisfied with a confirmation
number and do not need to remain on the phone
while the problem is repaired. Busy stock traders may
not want to poll for information, but instead prefer
to be notified when events of interest occur. Further-
more, continuous availability requirements mean
that applications must continue running in the face
of failures. Data sources and applications come up
and go down on a regular basis, and data feeds may
be interrupted by hardware or network failures. If
the telecommunications customer service system
goes down, field technicians should continue to work
on repairs assigned to them. If a particular carrier
is not available, the freight broker should negotiate
bids from the carriers that are available. These ex-
amples show that messaging and workflow systems

A single system that provides
access to all data and services

through a unified interface would
simplify development and provide

better performance.
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are as integral as data management to enterprise ap-
plications.

Finally, the complexity of the applications in these
scenarios illustrates an essential requirement for
open standards. Such applications weave together a
host of data sources, management systems, and ap-
plications. Without standards governing their inter-
faces and a consistent programming model, the ef-
fort to integrate and administer new sources in this
dynamic environment could be astronomical, and the
cost to recruit and retain staff with the skills neces-
sary to develop the integration software might quickly
overtake the value of the system itself.

Architecture

In this section, we describe a three-tier architecture
for a robust technology platform that addresses the
information integration challenge. Figure 5 illus-
trates this architecture. The foundation tier supports
storage, retrieval, and transformation of data in dif-
ferent formats from different sources. An integra-
tion tier built on top of the foundation draws from
enterprise integration applications to provide the
infrastructure to transparently embed data access
services into enterprise applications and business
processes. The top tier provides standards-based pro-
gramming models and flexible query language sup-
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port to access the rich set of services and data pro-
vided by the foundation and integration tiers.

The foundation tier. As shown in the figure, the foun-
dation tier is at the heart of the information inte-
gration platform, and provides a core set of services
to store and retrieve heterogeneous data. The foun-
dation tier is based on a high-performance DBMS en-
gine extended at all levels with data integration func-
tionality. These extensions include support for XML
as a native data store, XQuery as a native data in-
terrogation language,25 and a federated data access
component that provides access to external data as
though the data were natively managed by the engine.

Figure 6 shows the components of such an engine.
At the very lowest level are the data access compo-

nents, which provide APIs to efficiently store and re-
trieve data from persistent storage. Two data access
components are provided for native data. Structured
data are stored, indexed, and retrieved via a rela-
tional data access component, and the native XML
data store is accessed by a new data access compo-
nent that provides routines to efficiently store, in-
dex, and navigate the hierarchical XML structure.

In addition to the data access components for the
native data stores, the integration engine has a fed-
erated data access component for external data.26

A wealth of data sources and rich content providers
are transparently made accessible through this com-
ponent, including external databases, file systems,
document stores, genomic databases, and multime-
dia object servers. External data sources are accessed
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via wrappers,27 which provide an interface by which
the integration engine can generate execution plans
to store and retrieve data, manage transactions, and
perform functions on external data. In addition to
integrated query support, content-specific capabil-
ities such as image search, multimedia streaming, and
bioinformatic modeling23 are also made accessible
to information integration clients through the fed-
erated data access component.

A query compiler sits above the data access com-
ponents and provides both an XQuery and an SQL
interrogation language by which data can be effi-
ciently stored and retrieved. Regardless of which lan-
guage is used, a request is passed on to a query com-
piler to interpret the request and generate an
execution plan for processing the request. The query
compiler uses a language-specific lexical analyzer and
parser to interpret the request and populate an
XQGM (eXtended Query Graph Model) structure.
XQGM is an enhanced version of the Starburst Query
Graph Model7 (QGM) that enables a richer seman-
tic representation than can be expressed with QGM,
including a representation of XML data model prim-
itives and federated access to external data sources.
The query compiler analyzes the XQGM, explores sev-
eral strategies for executing the request, and chooses
a plan from its least-cost alternatives. As part of its
analysis, the query compiler considers indexes and
navigational algorithms for the XML data store, rec-
ognizes external data access, and invokes the appro-
priate wrapper query planning routines to generate
efficient plans for external access. The run-time ex-
ecution engine executes the selected plan, interact-
ing with the relational data store, XML data store,
and federated access layer to combine the appropri-
ate data to fulfill the original request. The run-time
engine contains XPath processing operators for XML
data access,28 as well as operators for federated ac-
cess.

Along with the query processing and data access
components, the information engine provides a set
of system services required for any data management
system, including authentication, code page manage-
ment, logging, recovery, transaction management,
and interfaces to transaction monitors such as those
provided by WebSphere*.29

The integration services tier. Data integration at the
storage and retrieval level is not sufficient for today’s
enterprise applications. Perhaps even more impor-
tant than access to data from multiple sources and
multiple formats is to know what information is avail-

able and how to make use of it. The integration tier
provides the infrastructure to navigate the sea of
available information and place it in a context that
is usable for enterprise applications. Key services pro-
vided by the integration tier are described next.

Meta-data. For an enterprise application to fully ex-
ploit the rich set of data sources accessible through
the foundation tier, meta-data that describe what
content and services are available are crucial. Such
meta-data are managed by the foundation tier, and
the integration tier encapsulates and summarizes the
information for navigation by client applications.
This approach allows client applications to use the
same APIs and query language to query both the
meta-data and the base data.

Meta-data come in two types: system meta-data,
which describe resources and services that can be
performed on those resources, and application meta-
data, which provide domain-specific knowledge
about a data object and how it relates to other ob-
jects. System meta-data, for example, include infor-
mation about data sources, function signatures, data
formats, and index information. They are used by
the system to manage base data and process requests,
but can also be a valuable source of information for
client applications to dynamically discover what con-
tent and services are available. Ontologies, schema
integration technology, and tools can be used to map
data from different applications in related domains
into a common schema.30–32 Application meta-data
are often composed of domain-specific annotations
about the data and can be used to provide users with
a better understanding of their data and how they
are related to other data. They may also be useful
for transforming data from one representation to an-
other or for improving the ability to focus a user’s
search for objects of interest. In the financial ser-
vices scenario, data such as the list of industries, com-
panies, and analysts mentioned in a research report
are examples of application meta-data. Key to man-
aging meta-data are schema mapping and schema
integration.

Content management services. Application meta-
data often arise as enterprise applications construct,
store, and manipulate complex business objects com-
posed of multiple digital assets. For example, the fi-
nancial services research report is made up of an XML
document, several PDF (portable document format)
files, and an audio or video clip. The telecommu-
nications trouble ticket is made up of customer ac-
count information, an audio clip, and several text
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documents. The integration tier provides a core set
of services to manage those objects and their com-
ponent parts, including check-in/check-out services,
versioning, access control and digital rights manage-
ment, and hierarchical storage migration services.33

The integration tier provides URL addressability for
digital assets that are large and have content-spe-
cific actions associated with them, such as media
streaming, document rendering, and image search.
Client applications can search for objects of interest
by querying meta-data, and the integration engine
will return URLs for objects that match the search.
The client may then directly access and manipulate
the objects via the URLs.

Text search and data mining. Unstructured informa-
tion must be analyzed and categorized to be of use
to an enterprise application, and for real-time deci-
sions, the timeliness of the answer is a key compo-
nent of the quality. The integration services tier en-
ables this analysis by providing several capabilities
for integrated search, tightly coupled with the foun-
dation tier infrastructure.

The integrated search capabilities are illustrated in
Figure 7. A state-of-the-art text indexing engine built
into the foundation tier provides the infrastructure

for raw text search over integrated data, including
structured data, XML documents, and user-defined
structures. A second type of integrated search pro-
vides query language constructs to transparently
combine text search with parametric search in a sin-
gle query. In addition to the benefits of program-
ming to a single language, this approach allows the
query compiler to exploit these language constructs
and optimize the combined search queries. Finally,
native mining algorithms built into the foundation
tier provide feature extraction, summarization, and
classification services, and these mining services can
be invoked through the query language as well.
Again, embedding the mining algorithms into the
foundation tier allows the query compiler to opti-
mize these searches, which leads to excellent per-
formance.

A key benefit of integrated search and mining
through a common interface and query language is
actionability of data. For example, by combining text
search and feature extraction with database triggers,
data of unknown content can be analyzed and quickly
routed to the interested parties.

Workflow, messaging, and business process integra-
tion. Global enterprises running in a continually avail-
able environment require asynchronous communi-
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cation and messaging to develop scalable and fault-
tolerant business applications. The integration
services tier uses a workflow engine to transparently
schedule and manage long-running, data-intensive
applications and native functions that integrate guar-
anteed message delivery within data operations.

The application interface. The application interface
layer provides interfaces that allow applications to
access and manipulate data and services provided
by the foundation and integration tiers. It supports
multiple APIs, query languages, and programming
models for maximum flexibility. Depending on the
application requirements and programmer prefer-
ence, data can be retrieved according to a structured
data model, as XML documents, or as XML document
fragments. Details of these approaches are described
here.

Programming interface. The application interface tier
provides full support for traditional database pro-
gramming using a variety of programming languages
via embedded SQL, ODBC,34 and JDBC.35 These APIs
include extensions to support XML data as well as
relational data.36 ODBC and JDBC and other popular
database APIs are inherently synchronous, and are
not well-suited for applications that deal with data
that are not continuously available, long latency in
data access, or multiple sources and targets for the
flow of information. For these types of applications,
the application tier provides messaging12 and Web
services37 programming models, as well as a set of
tools to build applications for asynchronous environ-
ments.

Query language. SQL has proven to be an extremely
powerful language for retrieving structured data, and
XQuery25 is taking hold as the language for query-
ing semistructured and unstructured data. The ap-
plication tier supports both languages, and either can
be used to access the federated content supported
by the foundation tier as SQL or XML data.38 A query
can transparently combine data from relational ta-
bles, the XML store, and data retrieved from an ex-
ternal server. For those applications that use SQL to
retrieve XML data, the document or document frag-
ment is returned as column value for a particular row
of data. For those applications that choose XQuery
to access relational data, the application tier provides
an XML view of the table or tables, and the query
results are returned as an XML document with tag-
ging defined by the view.

The solution

We now return to the financial services scenario to
show how the architecture just described addresses
the information integration challenge. Figure 8 shows
a portal application built on such a platform for the
investment banking department. This portal provides
access to market research reports purchased from
external vendors or produced by other departments
in the company, such as “morning meeting” summa-
ries from the trading desk.

Figure 8 traces the path of an XML document pro-
duced by the trading desk in New York that sum-
marizes the morning’s call. The document contains
an RIXML section that provides meta-data about the
call, such as which analysts, companies, and indus-
tries were mentioned. It also contains an audio clip
and several PDF files that contain a translation of the
call in several languages.

The left side of Figure 8 illustrates the arrival of the
morning call document. The information integration
platform receives the report via an asynchronous lis-
tener embedded in the programming interface, and
its arrival immediately initiates a workflow process.
The first step in the workflow stores the original XML
document in the native XML store and stores infor-
mation about the source, format, and access rights
to the document in the system meta-data store. A
second step in the workflow invokes indexing and
mining services to index, classify, and summarize the
content of the morning call. A third step extracts the
PDF files, forwards them to a document server and
records the language information for the files in the
system meta-data store. A final step extracts the au-
dio clip and forwards it to a streaming media server
for storage.

The right side of Figure 8 illustrates the portal ap-
plication accessing the morning call along with sev-
eral other documents, including another morning
call, an industry comment, and a company report.
The application issues an XQuery request for re-
cently received documents and displays a summary
of the documents on a Web page. Access control
against the system meta-data occurs as part of pro-
cessing the XQuery request, so that only documents
for which the application has access rights are re-
trieved. Content for the XML documents that are re-
turned come from various storage and access com-
ponents of the foundation tier. For example, system
meta-data provide information about the source and
structure of the documents, and a document’s type
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and a summary is known from mining information
extracted by a step in the workflow process. The in-
tegration engine derives the correct version of a PDF
file associated with a document from the system
meta-data and the code page, and computes a URL
for it, which the portal application uses to retrieve
the file from the document server via the federated
access component. Similarly, the integration engine
generates a URL for the morning call’s audio clip for
the portal application to use to stream the audio from
the media server.

Conclusion

The enterprise software industry is in the midst of
a revolution, and enterprise application development

is at a crossroads. Gone are the days of the mono-
lithic mainframe churning along in isolation in a
back-office clean room. The challenge for today’s en-
terprise applications is to reach out across the com-
pany and across the Internet to integrate and trans-
form the volumes of available data as quickly as
possible into information assets that bring new in-
sights and new business opportunities. We have pre-
sented here the components of an information in-
tegration technology platform that draws on decades
of advances in enterprise data management infra-
structure to provide a robust and unified solution for
information integration.

*Trademark or registered trademark of International Business
Machines Corporation.
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