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ABSTRACT

The proliferation of electronically available

data within large organizations as well as

publicly available data (e.g. over the World

Wide Web) poses challenges for users who

wish to efficiently interact with and integrate

multiple heterogeneous sources. This paper

presents CI3 , a corporate information

integrator, which applies XML as a tool to

facilitate data mediation and integration

amongst heterogeneous sources in the context

of financial analysts creating corporate

profiles. Sources include Lotus Notes,

relational databases, and the World Wide

Web. CI 3 applies a unified XML data model

to automate integration. By preserving

metadata about the source of each datum in

the integrated result set, CI 3 supports source

attribution. Users may trace the attribution

metadata from the result back to the

underlying sources and leverage their

expertise in interpreting the data and, if

necessary, use their judgment in assessing the

authenticity and veracity of results. We

present a functional overview of CI3, its

system architecture including the XML data

model, and the integration procedures. We

conclude by reflecting on lessons learned.
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1. INTRODUCTION
As the amount of electronically available data and content

continues to grow in scope and depth, the tremendous promise

that the medium offers for improving productivity and

facilitating the free flow of ideas is threatened by the weight of

its own complexity. Information is distributed across machines

around the world and stored in heterogeneous formats ranging

from flat files to next generation, object-relational data

warehouses. Moreover, across this expanse, the only consistent

theme is the inconsistency of its semantics. More often than not,

even within a single source, terms are defined and observed

haphazardly. For example, what is a company name? What is

the difference between "ATT," "AT&T", and "American

Telephone and Telegraph?"

Mediation technologies integrate disparate information sources,

hiding distribution and reconciling heterogeneity. The Context

Interchange (COIN) Project at MIT is developing a model [8], a

prototype [3], and tools [21 for the semantic integration of

disparate (distributed and heterogeneous) information sources

ranging from on-line databases to semi-structured Web services.

From the perspective of a given data source, end-user, or

intermediate application, context knowledge constitutes a

declarative specification for how data is interpreted. By

representing and reasoning about contexts, COIN's automated

resolution of semantic conflicts enables transparent access to

heterogeneous information sources [9].

In addition to the Context Interchange research project, several

other projects [1, 7, 15] are developing mediation architectures.

More recent strategies attempt to leverage the emergence of

XML as a common, underlying data model to facilitate the

integration of data from heterogeneous sources [10, 12].

The PwC-MIT Corporate Intelligent Information Integrator

(CI3 ) is an automated tool to facilitate disparate (heterogeneous

and distributed) data integration. The original prototype was

designed to gather corporate information to aide analysts in their

daily activities at PricewaterhouseCoopers (PwC). CI3 was

developed to test a number of issues: accessing semi-structured

data from the Web, query languages for the Web, heterogeneous

data integration mixing relational data sources with semi-

structured, Web-accessible content, and a means to test some of

the capabilities and limitations of applying XML as a tool to

support and facilitate data integration amongst heterogeneous

sources. The approach is unique first in its emphasis on

capturing metadata during query execution to document the



specific sources which contribute to each integrated result.

Second, the prototype attempts to leverage the emerging XML

standard while recognizing that the great preponderance of

currently accessible resources will not provide native XML

support.

In this paper, we describe the development of CI3 . We begin

with a description of the application domain. The paper next

details the functional description and the system architecture.

We conclude by reflecting on lessons learned from Cl3

development and speculating on future work.

2. APPLICATION DOMAIN
On any given day, analysts at PricewaterhouseCoopers (PwC)
scan newspapers, the wire services, stock ticker's, and other

industry performance benchmarks in the course of providing

services to existing customers as well as to identify potential

clients. For a given company, a large amount of data is gathered

from internal and external sources about the targeted company

and its industry. Today, analysts must manually navigate the sea

of available data: identify likely sources, translate data

objectives into the corresponding source query language, and

interpret and integrate results. Not only are some portions of

these tasks simple and easily automated, but their repetitive

nature also makes them prone to a degree of human error.

Based upon a stock ticker symbol or a company name, CI3

draws upon a number of proprietary and public domain

electronic resources to assemble company-specific business

intelligence profiles. Profile data range from:

* News and general information

* Company directory information for contact information and

background context

* Company officers and directors

* a Company and industry specific performance indicators for

absolute and comparative analysis

* Historical data to chart performance over time (both

company and industry)

Identify specific competitors for head-to-head comparisons

* Identify previous PwC engagements / expertise with the

company in question

* Identify previous PwC engagements / expertise with

industry / competitors

A number of similar sounding tools already exist. Free services

such as CNNfnTM or Yahoo FinancialTM provide news and

statistical integration and aggregation. Fee-based services such

as Hoover'sTI add analyst reports and longitudinal data. The

ability to customize profiles enables users to create standard

forms for retrieving integrated company and industry-specific

data. However, transparent access tends to blur the notion of

distinct sources both in queries and results. The CI3 support

tree re-establishes the association between an integrated result

set and its corresponding sources. Situations where users or

applications might like to attribute the sources from which a

particular datum is drawn include: evaluating data quality,

measuring data timeliness, resolving conflicts, or seeking

additional data [4, 11], Note also that, unlike CNNfn, Yahoo

Financial, and Hoover, Cl3 allows PwC, or any user of CI3 , to

merge its own proprietary data with publicly available data.

Additionally, the task facing the analyst is to not only gather

these different pieces of information, but also to draw, often

complex, relationships between them. These connections draw

upon a depth of expertise that is not available in marketed

decision support systems. Although the current version does not

fully implement such a capability, the output format provides a

structure that could easily be interfaced to complex decision

support systems.

3. FUNCTIONAL DESCRIPTION
As illustrated in Figure 1, CI3 may be conceptualized in four
layers: the data sources, the data access infrastructure, the CI3

integration layer, and the users. CI3 provides access to three

different types of sources. The first type includes data on prior

relationships between PwC and the company in question,

expertise within PwC on the relevant industry, and any

company-specific directory information or financial figures

gleaned from prior PwC engagements. A database of

longitudinal data on financial performance as derived from SEC

filings constitutes a second source type. Type three primarily

includes near real-time content: recent company and industry-

specific news stories as well as up-to-the-minute figures on

financial performance. Directory information and officers are

also accessible from this source type.

Figure 1. Functional description of CI 3.

Although further described in the discussion on system

architecture, the data source types loosely correspond to those

Data sources In-house, external

Egr News,

In-house, internal Web-accessible

Data access
infrastructure ff)

CP integration XML, common DTD to

support data integrationIR

User

sources that are internal to PwC, those that are maintained by

PwC but exported to the world, and non-PwC content that is

publicly accessible via the Internet. To reconcile this

heterogeneity, CI3 interposes an integrative layer between users

and the source types.

These source types are all integrated in a single layer that

accepts queries in the form of a company name or ticker symbol

and returns an intelligence profile on the specified company. A

single ticker-symbol or company name is transformed into

respective sub-queries for the different sources and source types.

Because the current use model is for a pre-formatted business

intelligence sheet, all of the sub-queries are pre-specified.

Future work, discussed below, aims to provide users with

greater facility for manipulating sub-queries.

The integration layer is more than just a data integration step,
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<Description Type = "Company"

Subject = "AT&amp;T CORP">

<Relation Name = "Officers">

<Tuple>

<Field Name = "Name"

Value="C. Michael Armstrong"/>

<Field Name="Title"

Value="Chmn./CEO"/>

<Support Source = "yahoo"

Match = "T" .. >

</Tuple> ... </Relation>

<Relation Name="Competitors">

<Tuple>

<Field Name ="Name">

Value="MCI WorldCom"/>

<Field Name ="Ticker_Sym"

Value="WCOM"/>

<Support Source = "quicken"

Match = "T" ... >

</Tuple> ... <Relation/>

</Description>

Figure 2. CI3 system architecture

however. It also serves the purpose of presenting the user with a

single interface and access point to the wealth of information

available on the Web and within PwC

4. SYSTEM ARCHITECTURE
The Cl' system architecture is built around a central mediator

whose integration strategy revolves around the use of the

Extensible Markup Language (XML). Therefore, CI3 serves not

only as a tool to assist the PwC user but also as a testbed for

exploring the use of XML as a data interchange standard. As

illustrated in Figure 2, the system architecture employs three

different access modalities to accommodate the three different

types of sources described in the functional architecture. These

different source types are unified through a single XML

Document Type Definition DTD. After describing the three

different access strategies, this section details the C1
3's

underlying, XML-encoded data model and concludes by

summarizing the integration procedure.

4.1 Source Types
The first source type consists of internal PwC Notes databases

that provide general company information as well as information

about prior PwC relationships with client companies. Notes

databases contain documents that are formatted into a collection

of fields that can contain discrete values as well as bodies of

text, i.e. Notes databases are a kind of semi-structured

information source. A proprietary search engine, called NX

(Notes Explorer), has been developed at the PwC Global

Technology Centre for retrieving information from a large

collection of internal Notes databases [13]. NX supports a

variety of search types, including full-text search as well as

searches restricted to the contents of fields that have been meta-

tagged as containing references to entities of specified types,

such as people, companies, and skills. CI3 makes use of a

"company profile" search type that extracts structured, relational

information about a specified company from the collection of

underlying Notes databases. A single company profile query

returns a variety of different types of information about a

company.

The second source type is EdgarScan, a publicly accessible PwC

system including a database of corporate facts and longitudinal

data [5]. EdgarScan, reads and analyzes SEC EDGAR

submissions, which are financial documents ("Semi-Structured"

ASCII text files) filed by all public U.S. corporations with the

U.S. Securities and Exchange Commission (SEC). EdgarScan

pulls filings from SEC servers and parses them automatically to

extract key financial tables and normalize those financials into a

common format that is comparable across companies. A

database is populated with the extracted financial data.

EdgarScan exports a set of prespecified queries that are

parameterized by company name or ticker symbol. Prespecified

queries include retrieving an entire filing or specific,

longitudinal financial performance metrics. Access to the

database is provided via a number of avenues including a direct,

JDBC interface and a CGI-based Web interface.

The third source type covers publicly accessible sites for which

no non-Web mediated interface is exported. Instead, this

category of queries, used by C13, relies upon a wrapper to access

data from Web sites using a general-purpose wrapper generator



technology developed at MIT [2]. A specification language

utilizes patterns to describe the regularity of semi-structured

sources, like Web pages, for extracting data. The language also

defines a strategy for combining the data into a relational export

schema. Given an SQL query, the wrapper considers the

patterns for extracting the corresponding values, and creates and

executes a query execution plan. The query execution plan

describes the various steps for accessing the documents,

collecting data from the documents into individual tables, and

combining the intermediary results into the query answer. Data

that is provided via Web-wrapping includes competitors,

officers, and directory information.

4.2 Data model
The model is represented in XML as a tree rooted in a top-level

Description element that corresponds to a single company.

There were two principle reasons for selecting XML as the

representation scheme. First, XML was developed as a standard

for data interchange and industry trends suggest that XML may

emerge as the representation of choice. Second, XML was

developed around the stated objective of separating data

presentation details from representation details. Although the

focus of this paper is the underlying querying and integration,

the use of XML to separate the interface presentation from the

data representation has been key in having a flexible user

interface (UI) and experimenting with alternative user interfaces.

The challenge in developing a common, underlying data model

stemmed from differences in models among the three different

source types which were reflected by the query languages and

access modes. Given the differences, our intuition was to

conceptually represent the model in a normal form where

logically independent information is broken into separate CI
3

relations, thereby limiting redundancy and simplifying data

integration. For example, a company's address was separated

from the company's name and ticker symbol so that every time a

Relational CI 3 XML

Relation Element <Relation>

Tuple (Row) Element <Tuple>

Attribute (Column) Element <Field>

Name of relation Attribute "Name"

Name of attribute Attribute "Name"

Value of attribute Attribute "Value"

Table 1. Tuple for a competitor to AT&T (ticker = T)

company is listed (e.g. as a competitor to some other company),

the address is not repeated.

Leveraging XML, CI3 uses -a tree-structured data model.

However, flexibility in the XML specification left open the

question of the distinction between XML elements, XML

attributes, and the contents of XML elements. Because the

intention was to represent a normal form of the relational model,

the decision was made to represent the structural components of

the relational model as elements. Relational attribute-value

pairs are explicitly represented as XML attributes of a Field

element (See the example in Table 1).

4.3 Attribution information
Metadata documenting information about specific sources,

called a Support, is maintained at the tuple level (see Table 1).

The support itself is a two-level OR-AND tree whose root is the

Tuple. In the simplest case, the support for any result tuple

instance consists of a single Support element which specifies the

source attribution of that result. There are two cases where a

Tuple element might contain multiple Support elements.

First, it is possible that two or more sources might

independently, yet identically, populate a single tuple instance.

In this eventuality, the support tree documents the alternative

sources as siblings at the first level of the tree. Second, it is

assumed that, by default, for any given tuple instance, all of the

component fields are drawn from a single source. In some cases

that assumption fails and more than one source contributes to

the fields of a single tuple instance.

support C13 data elements

anchor "C. Michael Armstrong is the CEO of T."

OR RapidResearch AND Hoover's

AND Yahoo Marketguide

Figure 3. A support tree.

If more than one source is involved, contributing sources are

represented as siblings at the second-level of the tree where their

first-level parent is an AND node represented by the Combine

element in CI3 . For Figure 3, one could independently query

either RapidResearch or Hoover's to discover the CEO of

AT&T Corp. Alternatively, the combination of data available

from Yahoo and Marketguide could also return the AT&T CEO.

4.4 Integration procedure
Ultimately, CI

3 integration is the ?rocess of constructing an

intelligence profile by combining CI tuples into their respective

CI3 relations and returning the set of CI3 relations. As noted

earlier, CI
3 simultaneously executes a number of sub-queries

against different source types. Because each subquery submitted

by the current version of CI
3 corresponds to complete tuples of

one or more CI3 relations, query processing in the form of

selections, projections, or joins are not required.

However, because multiple sub-queries could populate a single

<Relation Name= "Competitors">

<Tuple>

<Field Name ="Name"

Value ="MCI WorldCom"> </Field>

<Field Name ="TickerSymbol"

Value ="WCOM"> </Field>

<Support

UR L= "http://www.quicken.com/investments/

comparison/ ?symbol=T "

Date = "Mon Apr 5 11:20:14 US/Pacific 1999"

Match= "T"

Source = "quicken"

Synopsis = ""

Score = "1.000">

</Support>

</Tuple>
I



CI3 relation, a union operation is required. Moreover, as

described in the system architecture, some native sources neither

return XML nor correspond to the C13-data model. Integration,

in these cases, therefore involves two intermediate steps before

the final set of CI3 relations is returned as an intelligence profile.

Step one is the translation from the source query output into the

C13 data model and the CI3, XML-based, data representation.

Step two is the process of taking the union over Cl3 tuples of the

same CI3 relation.

The union operation is straightforward. When Tuples from

different sources are combined within the same relation, the

associated support trees are merged as in Figure 3. It is assumed

that each initial query is submitted to one of the three source

types and corresponds to one or more of the initial base

relations. Every result tuple is therefore an instance of a base

relation and the composition of a company profile is only

additive (e.g. there are no projections, joins, or other operations

that would eliminate attributes). The remainder of this section

will focus on the different translations required for the data

models and representations that underlie the different source

types.

The NX search engine used by CI3 to access internal PwC Notes

databases had already been designed to produce XML-formatted

search results in order to separate presentation issues from the

search engine output. The XML output for company profile

searches was modified to conform to the CI3 schema. This could

be done without interfering with existing clients of the search

engine because NX accepts a "client" search parameter that can

be used to conditionally generate XML output according to

different schemas. A single company profile search returns a

Description element containing several different Cl3 relations as

child elements. Each Support element contained in a tuple uses

a URL attribute to reference the particular Notes document

(hosted on a Domino server) that is the source of the tuple.

The EdgarScan system used by Cl3 to access company financial

information and perform financial benchmarking is accessible

through a CGI interface. A simple wrapper was also developed

to make some EdgarScan query results available in XML. In

practice, however, given the large amount of current and

historical data extracted from EdgarScan and the fact that, in the

CI3 prototype, EdgarScan was the only source for this current

and historical data, direct access to the underlying PwC

EdgarScan database is used.

The wrappers which are used to extract relations from the Web,

discussed earlier as the third source type, may not export

relational schemas that are in a normal form. Therefore, for

integration purposes, Cl3 must not only reduce the wrapper

output into the appropriate, XML-formatted normal form, but

also map the relations to the appropriate CI3 Relation and CI
3

Field elements. Because the wrapper accepts relational queries,

the mapping from the wrapper-relation to the CI3 relation and

between attribute names are driven through the query as though

it were a view definition. Because the C13's XML DTD is

structural, a simple procedure was written to restructure the

relational table into the corresponding, XML-tagged output.

Relations correspond to Relation elements, tuples to Tuple

elements, etc.

5. LESSONS LEARNED
Development of the CI3 prototype revealed a number of issues

related to integration in general as well as some specific topics

related to the use of XML for data interchange. For issues

related to integration in general, both practical and conceptual

lessons emerged. First, the importance of restructuring as a

query language feature was emphasized. Because integration

will likely involve multiple sources that rely upon different data

models and query languages, facilities for transformation

support are significant. As demonstrated in the case of the

relational Web wrappers, a single relational query can

simultaneously map attribute names as well as restructure data

by means of views.

Second, CI3 introduces the Support element as a means for

associating each tuple with metadata about its corresponding

base sources (See Table 1). The appropriate metadata set will

vary depending upon the purpose of the reference [14] and is a

discussion for another paper. In the context of CI3 , however,

every support includes the name of the source, an access

identifier to the source (e.g. a URL in the case of a Web

reference), the query, the query terms which matched in a

particular result tuple, and the last-modified date. This metadata

is particularly useful because transparent data integration

removes traditional cues for assessing the authenticity, veracity,

and timeliness of data. Attribution provides analysts and other

users with the means to inspect the original sources from which

data is drawn. Moreover, although the current prototype is

limited to publicly accessible or internally produced data

sources, subsequent work could access proprietary or fee-based

services. Future work might explore how integration and

attribution strategies interface with rights-management or micro-

payment schemes.

Also related to the problem of transparency over disparate

sources is the existence of overlapping sources, which pose at

least two kinds of problems: duplicates and contradictions. In

the case of duplicates, the CI3 data model's Support element

accommodates multiple, corroborating sources. Contradictions,

by contrast, raise many more subtle issues. Do contradictions

truly signal errors, or might they point to fine-grained,

underlying distinctions? For example, that two sources report

different values for a company's current stock-price may simply

reflect a difference in the time of reporting. Differences in a 52-
week high or low may reflect different accounting conventions:

52-weeks from the time of reporting, the most recently-closed

fiscal year, the most recently concluded calendar year, etc.

Finally, examples of fine-grained distinctions point to the

broader problem of semantic heterogeneity in data integration.

Homonyms, as in the case of different conventions for

calculating a 52-week high or low, are only one class of

semantic heterogeneity. Synonyms are a second such class. The

challenge is further complicated because some definitions may

be related although not identical. Definitions that subsume one

another or intersect raise separate problems. [8]

In addition to posing a general problem, semantic

heterogeneities also demonstrate an important challenge to

XML-enabled data integration. As a scaleable model capable of

representing a global schema, XML offers a common framework

for managing distributed data. In the simplest case, sources that

rely upon the same Document Type Definition (DTD) are easily
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<!-- DTD for CI -XML -- >

<!ELEMENT Description (Relation*)>

<!ELEMENT Relation (Tuple*)>

<!ELEMENT Tuple (Field+, (Support I Combine)+)>

<!ELEMENT Field EMPTY>

<!ELEMENT Combine (Support, Support+)>

<!ELEMENT Support EMPTY>

<!-- attributes -- >

<!ATTLIST Description

Type CDATA

Subject CDATA

ID ID

<!ATTLIST Relation

Name CDATA

<!ATTLIST Field

Name

Value

Category

CDATA

CDATA

CDATA

#REQUIRED

#REQUIRED

#IMPLIED>

#REQUIRED>

#REQUIRED

#IMPLIED

#IMPLIED>

<'ATTLIST Support

URL CDATA #REQUIRED

DateCDATA #IMPLIED

Match CDATA #IMPLIED

Source CDATA #REQUIRED

Synopsis CDATA #IMPLIED

Score CDATA #IMPLIED>

<!-- DTD for CI-XML financial domain -- >

<!ELEMENT Company (Directory-info, Company-name,

Ticker, Competitor*)>

<!ELEMENT Directory-info (Address, Phone)>

<!ELEMENT Company_name>

<!ELEMENT Ticker (Ticker-symbol, Exchange)>

<!ELEMENT Competitor EMPTY>

<!ELEMENT Address (Street-address, City, State, Zip)>

<!ELEMENT Ticker-symbol>

<!ELEMENT Exchange>

<!ELEMENT Streetaddress>

<!ELEMENT City>

<!ELEMENT State>

<!ELEMENT Zip>

<!ELEMENT Phone>

<!-- attributes -- >

<!ATTLIST Company

ID ID

<!ATTLIST Competitor

ID ID

#IMPLIED>

#IMPLIED>

Table 2. Different DTDs for the same underlying information.

combined. Furthermore, XML Namespaces support the

integration of sources with intersecting or disjoint DTDs.

However, it is important to note that XML focuses on the syntax

for representing content and does not provide any special facility

for managing semantic differences between sources. Although

developments such as XML-Schema and RDF hold promise,

there is currently nothing to prevent data providers from

adopting the same DTD but having different interpretations of

the same terms.

Moreover, though two sources may provide the same underlying

information, their DTDs may be structured in very different

ways, providing little help to the task of integration.

For example, as illustrated by CI3 , a structural model of

relations, tuples, and supports does not necessarily provide

information on integrating content that corresponds to a DTD

structured as a domain model (see Table 2).

6. CONCLUSION
We have described a system to integrate data from

heterogeneous sources by simultaneously submitting real-time

queries to multiple sources and integrating the results utilizing a

common, underlying XML framework. The system was

prototyped in the context of gathering business intelligence at

PwC.

The integration of content from three different categories of

sources utilizing different data models and query languages is

demonstrated. First, the NX search engine is used to

dynamically generate partial company profiles derived from a

variety of internal PwC Notes databases. These databases

include company directories, engagement records, contact

information, best practices, and vendor information. Second,

PwC maintains a publicly accessible data warehouse of SEC

financial filings. Using custom data-extraction tools, PwC

processes all SEC on-line filings and makes them available for

searching and querying via the Web. Finally, based upon MIT

semi-structured query wrapping technologies, CI 3 has relational

query access to any number of semi-structured Web information

sources. This includes a number of sites supporting general

financial information and industry-by-industry comparisons.

The ultimate goal behind CI3 is to gather data and assist in data

analysis and identification of candidates for PwC professional

services. To that end, future work will pursue this goal in

several directions. First, as noted earlier, data integration is

challenged by the semantic heterogeneities that span the myriad

sources. Drawing upon research within the Context Interchange

framework at MIT, one research direction will be to support the

identification and resolution of inconsistent semantics. A

second research direction will address the related problem of

Ontology modelStructural model



redundancy across the rich set of available sources. Different

strategies for addressing problems of data duplication and data

conflict include the identification and selection of reliable data

sources at query-execution time, and the introduction of quality-

assessment weights to provide users with indications of data

veracity and source attribution. Third, linking Cl3 to decision

support systems will enable analysts to draw more complex

connections and conclusions from the data. Not only will the

system be able to retrieve financial indicators, but it will also be

able to reason about those variables, highlighting candidates for

professional services. Finally, CI3 is ultimately a system for

human analysts. The current system translates a ticker-symbol

or company name request into pre-specified queries against pre-

selected sources. Future versions will support strategies for

flexible query-answering over multiple sources.
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