Towards the next
generation of
enterprise search
technology

Unstructured information represents the vast
majority of data collected and accessible to
enterprises. Exploiting this information
requires systems for managing and extracting
knowledge from large collections of
unstructured data and applications for
discovering patterns and relationships. This
paper elucidates the differences between
search systems for the Web and those for
enterprises, with an emphasis on the future of
enterprise search systems. It also introduces
the Unstructured Information Management
Architecture (UIMA) and provides the context
for the unstructured information management
(UIM) papers that follow.

The Web revolution has exposed hundreds of mil-
lions of people to the experiences of searching and
taxonomy browsing and has reshaped their expec-
tations of the knowledge retrieval process, not only
while browsing the Web, but more importantly, while
atwork, performing their jobs. Unfortunately, study
after study shows that at the enterprise level, these
expectations are not being met.! Knowledge man-
agement in the enterprise setting and even simple
document search functions are often perceived as
disappointing.

Why is this so? Search technology per se has made
enormous strides. Web search engines can return ex-
cellent results on single-word queries of a 15-terabyte
corpus, though this would have been considered im-
possible in principle not so long ago, regardless of
computing power or computational cost. Further-
more, a number of techniques from natural language
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processing (NLP), such as information extraction, au-
tomatic identification of named entities (such as
mentions of people, places, and organizations), the
identification of relationships between entities, ma-
chine translation, and taxonomy generation and clas-
sification have been combined with classic search
methods and have shown significant benefits. Auto-
matic document categorization and classification be-
came more accurate than human processing in the
late 1990s and is now considered an essential means
of organizing large corpora for knowledge manage-
ment systems.? Automated summarization of doc-
uments based upon information extraction tech-
niques has been demonstrated to improve search
efficiency by supporting more focused examination
of retrieved documents.® Finally, statistical machine
translation, while still far below the capabilities of
skilled human translators, may be good enough to
support cross-lingual information retrieval on the
Web or across enterprise document collections.*
Given these results, there is growing confidence that
many of these technologies may move from the sta-
tus of cutting-edge research to commercial applica-
tion in the near term. Although the computational
demands of some of these technologies might be too
high for application to the entire Web currently, this
should be less of a problem in the enterprise, where
the corpora are usually much smaller.

©Copyright 2004 by International Business Machines Corpora-
tion. Copying in printed form for private use is permitted with-
out payment of royalty provided that (1) each reproduction is done
without alteration and (2) the Journal reference and IBM copy-
right notice are included on the first page. The title and abstract,
but no other portions, of this paper may be copied or distributed
royalty free without further permission by computer-based and
other information-service systems. Permission to republish any
other portion of this paper must be obtained from the Editor.

BRODER AND ciccoLo 451



Thus, it seems that search and knowledge manage-
ment in the enterprise should be improving and may
indeed be easier than on the Web. The demand is
there. The technologies are there. What is the miss-
ing part? Where is the problem? The answer lies in
part in the essential differences between the public
Web and the internal environment of the enterprise.
One factor is that although enterprise corpora are
smaller, they lack the highly hyperlinked nature of
the Web, and thus some of the most successful tech-
niques for the Web, based on link analysis, do not
apply in the enterprise. This results in lower rele-
vancy of retrieved documents. Another factor is that
in the enterprise there are additional security, re-
liability, and performance issues that complicate the
problem. A well-publicized example is the need to
protect the privacy of individuals’ personal data. The
implications of this issue on search and text-analytic
applications is a current popular research area, with
legislatively mandated compliance monitoring elic-
iting heated debate, both pro and con.

Nonetheless, the most important factor is indepen-
dent of the differences between the public Web and
the enterprise, and rests on the fundamental char-
acter of the technologies. The advanced technolo-
gies described above, for the most part, simply do
not work together easily or well. Typically, each one
of these technologies has a completely different view
of the world, represents the underlying documents
in different ways, and is concerned with performance
in different areas. This situation arises in part from
the developers of technologies being “algorithm-cen-
tric.” The computational requirements of these tech-
nologies are so great that their developers tend to
engage in “programming-in-the-small,” that is to say,
building highly integrated, optimized, and hence
closed and narrow applications based on their core
technologies. To build systems to be used by con-
sumers of information, rather than programmers,
such narrow applications are usually awkwardly in-
tegrated, using ad hoc approaches. If there is any
cooperation at all, it takes the form of one narrow
application that consumes documents, performs its
magic on their contents, and produces new docu-
ments as output. That output is then consumed by
another narrow application, which starts by repeat-
ing much of the text parsing, tokenization, and so
on, to convert the data to its representation. This pro-
cess continues in subsequent stages, cascading inef-
ficiency on inefficiency.

There is an alternative to the traditional process de-
scribed above, one which capitalizes on the compu-
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tational power of distributed systems. We submit that
the “missing part” is the architecture that enables
the integration of the technologies described above
with search and retrieval. Such an architecture has
been developed within IBM Research—namely, the
Unstructured Information Management Architec-
ture (UIMA). Various aspects of the UIMA, a software
architecture for supporting the development, inte-
gration, and deployment of UIM technologies, are de-
scribed in the first group of papers in this issue. This
engineering foundation has been adopted by both
IBM Research and the 1BM Software Group as a de-
livery platform for advanced UIM technology.

The first paper, by Ferrucci and Lally, presents UIMA
“by example.” Starting from a high-level overview
of the architecture, they take the reader through all
the steps required to build a simple UIM application,
and in the process, they highlight some of the major
UIMA concepts and methodologies.

Gotz and Suhre describe the design and implemen-
tation of the Common Analysis System (CAS), the
subsystem of UIMA that provides data modeling, cre-
ation, and access. The CAS supports data modeling
via a type system that is programming-language-in-
dependent and provides a powerful and portable in-
dexing mechanism. In a sidebar, Marshall Schor de-
lineates an effective approach to working with the
CAS from within Java; Schor’s approach has many
desirable properties, including type safety, maintain-
ability, readability, performance, and composability.

Turning to applications, Mack et al. present
BioTeKS, a system for text analytics for life science
using the UIMA platform. BioTeKS integrates re-
search technologies from multiple IBM Research labs
and is the first major application of the UIMA. The
paper describes the system and some of its applica-
tions and highlights the role played by the UIMA
framework in developing BioTeKS.

The second group of UIM papers in this issue pres-
ents research and applications that predate the wide
adoption of the UIMA across IBM Research. Despite
this, they exemplify the need for combining multi-
ple tools and technologies to build high performance
UIM applications. There is no doubt that such com-
binations will be greatly facilitated by the “plug-and-
play” capabilities of the UIMA.

Uramoto et al. describe MedTAKMLI, a system for

knowledge discovery from biomedical documents.
MedTAKMI is the first production text-mining sys-
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tem in the world that can deal with the entire
MEDLINE** database of abstracts. It consists of two
main components: information extraction and rela-
tionship mining. In the preprocessing stage, keywords
are extracted and categorized, and binary and ter-
nary relationships are identified. At program exe-
cution, MedTAKMI uses this information to pro-
vide mining functions to users in an interactive
manner.

Su et al. present an information portal for market
intelligence management called MIP. One component
of this system gathers daily market information from
multiple sources: Web sites, file systems, mail serv-
ers, etc. A second component extracts and organizes
information according to user-given requirements.
Customized interaction with the user is enabled via
a presentation server and a search and indexing
component.

Kozakov et al. take on the difficult problem of cre-
ating a glossary from documents in a specialized tech-
nical field, when the terms presented may not be
commonly used or found in general dictionaries.
They focus on glossary extraction and utilization for
the I1BM Technical Support information search and
delivery system, but their ideas have general
applicability.

The final UIM paper in this issue, by Wolf et al., ex-
emplifies some central issues in this area: how do
we evaluate a UIM technology, and how do we choose
the best approach to satisfy the users of our systems?
Wolf et al. performed an evaluation of four meth-
ods for summarizing technical support documents,
as used in an actual search system: programmatic
sentence extraction summaries, summaries of terms
highlighted in context (THIC), existing summaries of
varying quality, and search of document titles only
(that is, without additional summary text). It is no-
table that THIC summaries, although currently widely
popular on the Web, do not represent the best ap-
proach for technical support documents in terms of
task completion time. This raises the question as to
whether better summarization techniques using
deeper analytical methods and possibly user intent
inferences might not yield more effective Web
searches as well.

The field of UIM may come full circle: while the un-
structured search paradigm on the Web exploded in
the consumer sphere before being adopted in the
enterprise, we believe that the combination of se-
mantic and linguistic annotations with unstructured
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search will follow the more conventional path of first
being developed in the enterprise sphere before be-
coming pervasive in the Web world. Regardless of
the sequence of events, the advantages of these hy-
brid approaches are already evident.

**Trademark or registered trademark of United States National
Library of Medicine.
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