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INTRODUCTION

The Government Paperwork Elimination Act, ena@te@ctober 1998, has driven a steady migration
from paper to electronic filings in response toulatpry requirements. By many measures, the efifast
proven a success. For example, through August,208@J.S. Securities and Exchange Commission
(SEC) has received more than 4.5 billion electrdiirgs and the U.S. Environmental Protection Aggen
(EPA) has received nearly 73 million filings.

Auditing these submissions involves integrating gad data from multiple filings. In addition to
numerical figures, a comprehensive review of reigmasubmissions would include the analysis of
mandatory and optional prose that report inforrmagioch as "forward-looking" statements (SEC 10-K
Item 7.)[1] or "hazard evaluation prevention" (ERRIP 21b. 22b.)[2]; and because a single document
may include references to other filings and becausiagle company may file multiple documents @aver
single fiscal year, the audit process would integhmth text and data from multiple documents by a
single filer. Moreover, requirements for indussecific comments such as "risk-factors" (SEC 10-K
Item 1A.) or "mitigation response" (EPA ARIP 18uire the comparison of filings between multiple
companies within a single industry to assess sag@cific norms.

MOTIVATION

Due in part to complexity and sheer volume, comensive reviews of electronic filings are not
common. In the case of the SEC, even with Sarb@é=y and electronic-filing, mandated three-year
audits for every filer may be limited to narrow spbecks [3]. Electronic filing is no panacea. reat
SEC submission guidelines are limited to text dranal HTML formatting [4]. Although XML element
definitions are being studied by all governmentrages, such proposals do not address the selective,
textual elements of regulatory filings (see, foample, XBRL and proposed data elements for
Institutional Controls [5, 6].

The objective of this work is to automatically exdt and integrate content from the text segmeints o
regulatory filings for the purpose of compliancecking. We propose to leverage knowledge about
document structure to learn schemas and constraR#ther than relying upon an explicit schema or a
training set of representative document instaneesegin with the actual legislation and correspand
regulatory text. From the regulations, we manuantify a set of mandatory and optional labels
(headings) and preliminary hierarchical structsextions, sub-sections, etc.). Extending the tred
retrieval (information retrieval) and wrapper intlon (information extraction) literature, we
automatically learn regular expressions correspantti mandatory and optional labels, the ordering o
optional labels, and both firm and industry-spedificlusion constraints between elements.

RELATED WORK

In structured text retrieval, document word modeksextended with structural context [7]. Early
work modeled structure as a single sequence ofgeants, non-overlapping fragments. Other work
supports multiple structural hierarchies. In aitt@se, query results are refined by structuralesarie.g.
where in the document a term appears). Unlikerim&tion retrieval, we wish to query specific docutne
fragments within each filing rather than rankingsalbmissions. More significantly, rather than
assuming knowledge of the document hierarchy anasisociated text patterns, we are given structural
labels from the regulations and learn the corregimgnpatterns.

Chang et al. recently summarized techniques tonaatically learn extraction patterns from text [8].
Supervised information extraction approaches rplynuusers to identify interesting elements within
representative document instances where unsupeéné@skniques automatically identify elements based



upon repetition within and between instances. Jde is extraction patterns for one or more attabu
value records. Unfortunately, although regulatoey specify a standard set of labels, differemigiand
industries deviate from the instructions in idiossatic ways (see Fig 1). Moreover, the labels
themselves change over time as regulations evile learn candidate patterns from the regulatoty te
and relax those patterns for individual documestances. Patterns for individual labels are coetbio
match the entire, hierarchical document model asrirctured retrieval rather than the slots of reé(s)
embedded within the text.

Given the document model, there are techniqueleéoning structural relationships that approximate
semistructured constraints [9, 10]. We seek tmleanstraints that define relations between streck
data and unstructured text within the same or tinilengs. For example, only firms within specif8iC
codes might report "store openings" as a "forwanking" financial event. Likewise, certain induss
may never require remediation measures for airbpotiatants from accidental chemical releases.

SEC General Instructions for filing Form 10-K, lagtdated 12/05

Item 7. Management's Discussion and Analysis of Famcial Condition and Results of Operation.
Furnish the information required by Item 303 ofRlation S-K (8 229.303 of this chapter)

Iltem 7A. Quantitative and Qualitative Disclosures Aout Market Risk.
Furnish the information required by Item 305 ofjRlation S-K (§ 229.305 of this chapter)

Item 8. Financial Statements and Supplementary Data
Furnish financial statements meeting the requirgsmef Regulation S-X (§ 210 of this chapter) ...

Kohl's 10-K, 1997
MANAGEMENT'S DISCUSSION AND ANALYSIS OF
Item 7. FINANCIAL CONDITION AND RESULTS OF OPE RATIONS

Item 8. FINANCIAL STATEMENTS AND SUPPLEMENTARY DATA

Federated 10-K, 1998

ITEM 7. MANAGEMENT'S DISCUSSION AND ANALYSIS OF FIN ANCIAL CONDITION AND RESULTS OF
OPERATIONS

ITEM 7A. QUANTITATIVE AND QUALITATIVE DISCLOSURES A BOUT MARKET RISK

I.'.I'.EM 8. CONSOLIDATED FINANCIAL STATEMENTS AND SUPPL EMENTARY DATA.

Figure 1. Comparing labels in the regulatory instrictions [1] to 10-K filings from different companiesin
different years.
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