US 2005O108.630A1

(19) United States

(12) Patent Application Publication (10) Pub. No.: US 2005/0108.630A1
(43) Pub. Date:

Wass0n et al.

(54) EXTRACTION OF EACTS FROM TEXT
(76) Inventors: Mark D. Wasson, Seattle, WA (US);
James S. Wiltshire JR., Springboro,
OH (US); Donald Loritz, Springboro,
OH (US); Steve Xu, Beavercreek, OH
(US); Shian-Jung Dick Chen,
Springboro, OH (US); Valentina
Templar, Las Vegas, NV (US); Eleni
Koutsomitopoulou, Richmond (GB)
Correspondence Address:
Jacobson Holman

Professional Limited Liability Company
400 Seventh Street, N.W.
Washington, DC 20004-2218 (US)

(21) Appl. No.:
(22) Filed:

May 19, 2005

(52) U.S. Cl. .............................................................. 71.5/513
(57)

ABSTRACT

A fact extraction tool set (“FEX”) finds and extracts targeted
pieces of information from text using linguistic and pattern
matching technologies, and in particular, text annotation and
fact extraction. Text annotation tools break a text, Such as a
document, into its base tokens and annotate those tokens or

patterns of tokens with orthographic, Syntactic, Semantic,
pragmatic and other attributes. A user-defined "Annotation
Configuration' controls which annotation tools are used in a
given application. XML is used as the basis for representing
the annotated text. A tag uncrossing tool resolves conflicting

10/716,202

(crossed) annotation boundaries in an annotated text to

Nov. 19, 2003

produce well-formed XML from the results of the individual
annotators. The fact extraction tool is a pattern matching
language which is used to write Scripts that find and match
patterns of attributes that correspond to targeted pieces of
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information in the text, and extract that information.
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EXTRACTION OF EACTS FROM TEXT

0001. A portion of the disclosure of this patent document
contains material which is Subject to copyright protection.
The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent
disclosure, as it appears in the Patent and Trademark Office
patent file or records, but otherwise reserves all copyright
rights whatsoever.
FIELD OF THE INVENTION

0002 The invention relates to the extraction of targeted
pieces of information from text using linguistic pattern
matching technologies, and more particularly, the extraction
of targeted pieces of information using text annotation and
fact extraction.
BACKGROUND OF THE INVENTION

0003) Definitions and abbreviations used herein are as

follows:

0004 Action-an instruction concerning what to do with
Some matched text.

0005 Annotation Configuration-a file that identifies
and orders the Set of annotators that should be applied to
Some text for a specific application.
0006 Annotations-attributes, or values, assigned to
words or word groups that provide interesting information
about the word or words. Example annotations include
part-of-Speech, noun phrases, morphological root, named

entities (such as Corporation, Person, Organization, Place,
Citation), and embedded numerics (Such as Time, Date,
Monetary Amount).
0007 Annotator-a software process that assigns
attributes to base tokens or to constituents or that creates

constituents from patterns of one or more base tokens.
0008 Attributes-features, values, properties or links
that are assigned to individual base tokens, Sequences of
base tokens or related but not necessarily adjacent base

tokens (i.e., patterns of base tokens). Attributes may be

assigned to the tokenized text through one or more processes
that apply to the tokenized text or to the raw text.
0009 Auxiliary definition-in the RuBIE pattern recog
nition language, a Statement or shorthand notation used to
name and define a Sub-pattern for use elsewhere.
0.010 Base tokens-minimal meaningful units, such as

alphabetic strings (words), punctuation symbols, numbers,

and So on, into which a text is divided by tokenization. Base
tokens are the minimum building blocks for a text proceSS
ing System.
0.011 Case-corrected-text in which everything is lower
case except for named entities.
0012 Constituent-abase token or pattern of base tokens
to which an attribute has been assigned. Although constitu
ents often consist of a single base token or a pattern of base
tokens, a constituent is not necessarily comprised of con
tiguous base tokens. An example of a non-contiguous con
stituent is the two-word verb looked up in the sentence. He
looked the address up.

0013 Constituent attributes-those attributes that are
assigned to a pattern of one or more base tokens that
represent a Single constituent.
0014 Label-an alphanumeric string that uniquely iden
tifies a pattern recognition rule or auxiliary definition.
0015 Machine learning-based pattern recognition-pat
tern recognition in which a statistic-based process might be
given a mix of example texts that do and do not represent the
targeted extraction result, and the process will attempt to
identify the valid patterns that correspond to the targeted
results.

0016 Pattern-a description of a number of base tokens
that should be recognized in Some way, where the recogni
tion of the tokens is primarily driven by targeted attributes
that have been assigned to the text through annotation
processes. One or more annotation value tests, Zero or more
recognition shifts, Zero or more regular expression opera

tors, and Zero or more XPath-based (tree-based) operators

may all be included in a pattern.
0017 Pattern recognition language-a language used to
guide a text processing System to find defined patterns of
annotations. In its most common usage, a pattern recognition
rule will test each constituent in Some pattern for the
presence or absence of one or more desired annotations

(attributes). If the right combinations of annotations are

found in the right order, the Statement can then copy that
text, add further annotations, or both, and return it to an

application (that is, extract it) for further processing.

Because linguistic relationships can involve constituents
that are tree-structured or otherwise not necessarily Sequen
tially ordered, a pattern recognition rule can also follow
these types of relationships and not just Sequentially
arranged constituents.
0018 Pattern recognition rule-a statement used to
describe what text should be located by its pattern, and what
should be done when Such a pattern is found.
0019 RAF-RuBIE application file.
0020 RuBIE-Rule-Based Information Extraction lan
guage. The language in which the pattern recognition rules
of the present invention are expressed.
0021 RuBIE application file-a flat text file that contains
one or more text pattern recognition rules and possibly other
components of the RuBIE pattern recognition language.
Typically it will contain all of the extraction rules associated
with a single fact extraction application.
0022 Rule-based pattern recognition-pattern recogni
tion in which the pattern recognition rules are developed by
a computational linguist or other pattern recognition spe
cialist, usually through an iterative trial-and-error develop
evaluate process.
0023 Shift-pattern recognition functionality that
changes the location within a text where a pattern recogni
tion rule is applying. Many pattern recognition languages
have rules that process a text in left-to-right order. Shift
functionality allows a rule to process a text in Some other
order, Such as repositioning pattern recognition from mid
Sentence to the Start of a Sentence, from a verb to its

corresponding Subject in mid-rule, or from any point to Some
other defined non-contiguous point.
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0024 Scope-the portion or sub-pattern of a pattern
recognition rule that corresponds to an action. An action may
act upon the text matched by the Sub-pattern only if the
entire pattern Successfully matches Some text.
0.025 Sub-pattern-any pattern fragment that is less than
or equal to a full pattern. Sub-patterns are relevant from the
perspective of auxiliary definition Statements and from the
perspective of Scopes of actions.
0.026 Tests-tests apply to constituents to verify either
the value of a constituent or whether a particular attribute
has been assigned to that constituent.

UC

LCS

I

SaW

0.027 Text-in the context of a document search and
retrieval application Such as LexisNexis(E), any String of
printable characters, although in general a text is usually
expected to be a document or document fragment that can be
Searched, retrieved and presented to customers using the
online System. Web pages, customer documents, and natural
language queries are other examples of possible texts.

UC

LCS

I

SaW

0028 Token-a minimal meaningful unit, such as an
alphabetic string (word), Space, punctuation Symbol, num
ber, and So on.

0029 Token attributes-those attributes that are assigned
to individual base tokens. Examples of token attributes may

include the following: (1) part of Speech tags, (2) literal
values, (3) morphological roots, and (4) orthographic prop
erties (e.g., capitalized, upper case, lower case Strings).
0030 Tokenize-to divide a text into a sequence of
tokens.

0.031) Prior art pattern recognition languages and tools
include lex, SRA's NetOwl(R) technology, and PerlTM. These
prior art pattern recognition languages and tools primarily
exploit physical or orthographic characteristics of the text,
Such as alphabetic verSuS digit, capitalized VS. lower case, or
Specific literal values. Some of these also allow users to
annotate pieces of text with attributes based on a lexical
lookup process.

0032). In the mid-1980s, the Mead Data Central (now
LexisNexis) Advanced Technology & Research Group cre

ated a tool called the leveled parser. The leveled parser was
an example of a regular expression-based pattern recogni
tion language that used a lexical Scanner to tokenize a
text-that is, break the text up into its basic components

(“base tokens'), Such as words, spaces, punctuation Sym

bols, numbers, document markup, etc.-and then use a
combination of dictionary lookups and parser grammars to

identify and annotate individual tokens and patterns of

tokens of interest, based on attributes (“annotations” or
“labels') assigned to those tokens through the Scanner,
parser or dictionary lookup (a base token and patterns of
base tokens that share Some common attribute are called

“constituents”).
0033 For example, the lexical scanner might break the
character String
0034) I saw Mr. Mark D. Benson go away.
0035) into the annotated base token pattern:

CPS
Mr

PER

CPS
Mark

UC PER
D

CPS

LCS

Benson go

LCS PER
away .

0036 (where UC=upper case letter, LCS=lower case
string, CPS=capitalized string, PER=period).
0037. A dictionary lookup may include a rule to assign
the annotation TITLE to any of the following words and
phrases: Mr, Mrs, Ms, Miss, Dr, Rev, President, etc. For the
above example, this would result in the following annotated
token Sequence:

TITLE
Mr

PER

CPS
Mark

UC PER
D

CPS

LCS

Benson go

LCS

PER

away .

0038 A parser grammar was then used to find interesting
tokens and token patterns and annotate them with an indi
cation of their function in the text. The parser grammar rules
were based on regular expression notation, a widely used
approach to create rules that generally work from left to right
through Some text or Sequence of annotated tokens, testing
for the specified attributes.
0039 For example, a regular expression rule to recognize
people names in annotated text might look like the follow
ing:
(TITLE (PER)?)? (CPSUCS) (UC (PER)? | CPSUCS)?
(CPSUCS)

0040. This rule first looks for TITLE attribute optionally
(“?”) followed by a period (PER), although the TITLE or
TITLE-PERIOD is also optional. Then it looks for either a

capitalized (CPS) OR upper case (UCS) string. It then looks
for an upper case letter (UC) optionally followed by a period
(PER), OR it looks for a capitalized string (CPS), OR it
looks for an upper case String (UCS), although like the title,
this portion of the rule is optional. Finally it looks for a

capitalized (CPS) OR upper case (UCS) string.
0041) This rule will find Mr. Mark D. Benson in the
above example Sentences. It will also find names like the
following:
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0042 Mark Benson
0043 Mark D Benson
0044) Mark David Benson
0045. Mr. Mark Benson
0046) However, it will not find names like the following:
0047 Mark
0048 Benson
0049 George H. W. Bush
0050 e. e. cummings
0051) Bill O'Reilly
0.052 Furthermore it will also incorrectly recognize a lot
of other things as person names, Such as Star Wars in the
following Sentence:
0053 Mark saw Star Wars yesterday.
0054) A grammar, whether a lexical scanner, leveled
parser or any of the other conventional, expression-based
pattern recognition languages and tools, may contain doz
ens, hundreds or even thousands of rules that are designed
to work together for overall accuracy. Any one rule in the
grammar may handle only a Small fraction of the targeted
patterns. Many rules typically are written to find what the
user wants, although Some rules in a grammar may primarily
function to exclude some text patterns from other rules.
0.055 Regular expression-based pattern recognition
Works well for a number of pattern recognition problems in
text. It is possible to achieve accuracy rates of 90%, 95% or
higher for a number of interesting categories, Such as
company, people, organization and place names, addresses
and address components, embedded numerics, Such as
times, dates, telephone numbers, weights, measures, and
monetary amounts, and other tokens of interest Such as case
and Statute citations, case names, Social Security numbers
and other types of identification numbers, document
markup, websites, e-mail addresses, and table components.
0056 Regular expressions do have a problem recogniz
ing Some categories of tokens because there is little if any
consistency in the Structure of names in those categories,
regardless of how many rules one might use. These include
product names and names of books or other media, names
that can be almost anything. There are also Some language
Specific issues that one runs into, for example: rules that
recognize European language-based names in American
English text often will stumble on names of Middle Eastern
and Asian language origin; and rules developed to exploit
capitalization patterns common in English language text
may fail on languages with different capitalization patterns.
0057. However, in spite of such problems, regular
expression-based pattern recognition languages are widely
used in a number of text processing applications acroSS a
number of languages.
0.058 What makes a text interesting is not that it contains
just names, citations or other Such special tokens, but that it
also identifies the roles, functions, and attributes of those

entities and their relationships with one another. These
relationships are represented in text in any of a number of
ways.

0059 Consider the following sentences:
0060 John kissed Mary.
0061 Mary was kissed by John.
0062) John only kissed Mary.
0063) John kissed only Mary.
0.064 John, that devil, kissed Mary.
0065 John kissed an unsuspecting Mary.
0.066) John Snuck up behind Mary and kissed her.
0067 Mary was minding her own business when
John kissed her.

0068 And yet for all of these sentences, the fundamental
“who did what to whom” relationship is John (who) kissed
(did what) Mary (to whom).
0069. When trying to exploit Sophisticated linguistic pat

terns, regular expression-based pattern recognition lan
guages that progreSS from left to right through a Sentence can
enjoy Some Success even without any Sophisticated linguis
tic annotations like agent or patient, but only for those cases
where the attributes of interest are generally adjacent to one
another, as in the first two example Sentences above that use
Simple active Voice or Simple passive voice-and little
else-to express the relationship between John and Mary.

0070 But this approach to pattern recognition soon falls

apart with the addition of any linguistic complexity to the
Sentence, Such as adding a word like only or pronoun
references like her.

0071. A system that would attempt to find and annotate or
extract who did what to whom in the above sentences would

need at least two rather Sophisticated linguistics processes:

0072 (1) The ability to identify and exploit agent-action
patient relationships in sentences or clauses (the reader may

think of these in terms of Subject-Verb-object relationships,
but agent-action-patient is more descriptive and useful given

the existence of both active and passive sentences).
0073 (2) The ability to link coreferring expressions, such
as her to Mary in the above Sentences, and exploit those
linkS.

0074 This type of functionality is fundamentally beyond
the Scope of regular expression-based pattern recognition
languages.
0075 Orthographic attributes that are assigned to texts or
text fragments are attributes whose assignment is based on
attributes of the characters in the text, Such as capitalization
characteristics, letters versus digits, or the literal value of
those characters.

0076 Regular expression-based pattern recognition rules
applied to the characters in a text are quite useful for
tokenizing a text into its base tokens and assigning ortho
graphic annotations to those tokens, Such as capitalized
String, upper case letter, punctuation Symbol or Space.
0077 Regular expression-based pattern recognition rules
applied to base tokens are quite useful for combining base
tokens together into Special tokens Such as named entities,
citations, and embedded numerics. These types of rules also
assign orthographic annotations.
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0078. A dictionary lookup may be used to assign ortho
graphic, Semantic, and other annotations to a token or
pattern of tokens. In an earlier example, a dictionary was
used to assign the attribute TITLE to Mr. Some dictionary
lookup processes at their heart rely on regular expression
based rules that apply to character Strings, although there are
other approaches to do this.
0079 Semantic annotations can tell us that something is
a person name or a potential title, but these types of
annotations do not indicate the function of that perSon in a
document. John may be a person name, but that does not tell
us if John did the kissing or if he himself was kissed.
0080 Linguists create parsers to help determine the natu
ral language Syntax of Sentences, Sentence fragments, and
other texts. This Syntax is both not only interesting in its own
right for the linguistic annotations it provides, but also
because it provides a basis for addressing ever more lin
guistically Sophisticated problems. Identifying clauses, their
Syntactic Subjects, Verbs, and objects, and the various types
of pronouns provides a basis for determining agents, actions,
and patients in those clauses and for addressing Some types
of coreference resolution problems, particularly those
involving linking pronouns to names and other nouns.
0081. One typical characteristic of parser-based text
annotations is that the annotations are usually represented by
a tree or Some other hierarchical representation. A tree is
useful for representing both simple and rather complex
Syntactic relationships between tokens.
0082 One such tree representation for John kissed Mary
is shown in FIG. 1.

0.083 Parse trees not only annotate a text with syntactic
attributes like Noun Phrase or Verb, but through the rela
tionships they represent, it is possible to derive additional
grammatical roles as well as Semantic functions. For
example,
0084. A Noun Phrase found immediately under a
Sentence node in Such a tree may be annotated as the
Grammatical Subject.
0085 Depending on its content and location relative
to the verb, a Noun Phrase found immediately under
a Verb Phrase may be annotated as the Grammatical
Object.
0086). If the Verb in this Sentence is an active verb,
then the Grammatical Object may be annotated with
Patient as its semantic function. If the Verb is pas
Sive, then the Grammatical Subject may instead be
annotated as the patient.
0.087 As sentences grow more complex, the process for
annotating the text with these attributes also grows more
complex- just as is seen with regular expression-based rule
Sets that target people names or other categories. But in
general, many relationships between constituents of the tree
can be defined by descriptions of their relative locations in
the Structure.

0088. Through tokenization, dictionary lookups and pars
ing, it is possible for a part of the text to have many
annotations assigned to it.

0089. In the above sentence, the token Mary may be
annotated with Several attributes, Such as the following:
0090 Literal value “Mary”
0091 Morphological root “Mary”
0092 Quantity Singular
0093) Capitalized String
0094 Alphabetic String
0.095 Proper Noun
0.096 Person Name
0097 Gender Female
0.098) Noun Phrase
0099 Grammatical Object of Verb “Kiss'
01.00) Patient of Verb “Kiss'
01.01 Part of Verb Phrase “Kissed Mary”
0102) Part of Sentence “John Kissed Mary”
0103) The tree representation of FIG. 1 can capture all of
these attributes, as shown in FIG. 2.

0104. The hierarchical relationships represented by a tree
can be represented through other means. One common way
is to represent the hierarchy through the use of nested

parentheses. A notation like X (Y), for example, could be
used to annotate whatever Y is with the structural attribute

X. Using the above example, ProperNoun (John) indicates
that John is a constituent under Proper Noun in the tree.
Using this notation, the whole Sentence would look like the
following:
Sentence (Noun Phrase( ProperNoun (John)),
VerbPhrase( Verb(kissed ), Noun Phrase( ProperNoun (
Mary ))))

0105. Often with this type of representation, the hierar
chy can be made more apparent through the use of new lines
and indentation, as the following shows:
Sentence(
Noun Phrase(
ProperNoun (
John)),
VerbPhrase(
Verb(
kissed),
Noun Phrase(
ProperNoun (
Mary ))))

0106 The difference is purely cosmetic; the use of labels
and parentheses is identical.
0107. In computing, there are now a number of widely
used approaches for annotating a text with hierarchy-based
attributes. SGML, the Standard Generalized Markup Lan
guage, gained widespread usage in the early 1990s. HTML,
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the HyperTextMarkup Language, is based on SGML and is
used to publish hypertext documents on the World Wide

Attributes in XML provide additional information about the

Web.

0116 For example, it is possible to associate attributes
with the Proper Noun element “Mary' found in the tree
above in the following way in an XML element:

0108). In 1998, XML, the Extensible Markup Language,
was created. Since it was introduced in 1998, it has gained
growing acceptance in a number of text representation
problems, many of which are geared towards representing
the content of Some text-a document-in a way that makes
it easy to format, package, and present that text in any of a
number of ways. XML is increasingly being used as a basis
for representing text that has been annotated for linguistic
processing. It has also emerged as a widely used Standard for
defining Specific markup languages for capturing and rep
resenting document Structure, although it can be used for any
Structured content.

0109 The structure of a news article may include the
headline, byline, dateline, publisher, date, lead, and body, all
of which fall under a document node. A tree representation
of this structure might look as shown in FIG. 3.
0110. Just as XML can be used to define a news docu
ment markup, it can be used to define the type of linguistic
markup shown in the John kissed Mary example above.
0111. The notation for XML markup uses a label to mark

the beginning and end of the annotated text. Where X (Y) is

used above to represent annotating the text Y with the
attribute X, XML uses the following, where <X> and </X>
are XML tags that annotate text Y with X:
0112 <X>YZ/X>
0113. The John kissed Mary example would look like:

element or the contents of that element.

<ProperNoun LITERAL="Mary” NUM="SINGULAR”
ORTHO-CPS
TYPE=ALPHAPERSON-True

GENDER="Female's Mary</ProperNouns

0117. In computational linguistics, trees are routinely
used to represent both Syntactic Structure and attributes
assigned to nodes in the tree. XML can be used to represent
this same information.

0118 Finding related entities/nodes in trees and identi
fying the relationships between them primarily rely on
navigating the paths between these entities and using the
information associated with the entities/nodes. For example,
as discussed above, this information could be used to

identify grammatical Subjects, objects and the relationship

(in that case the verb) between them.
0119 Linguists historically have used programming lan
guages like Lisp to create, annotate, analyze, and navigate
tree representations of text. XPath is a language created to
Similarly navigate XML representations of texts.
0120 XSL is a language for expressing stylesheets. An
XML style sheet is a file that describes how to display an
XML document of a given type.

0121 XSL Transformations (XSLT) is a language for

<Sentences.<Noun Phrases.<ProperNouns-John</ProperNouns
</Noun phrases <Verbphrases <Verb-kissed.<f Verbs

<Noun Phrases.<ProperNouns Mary.</ProperNouns
</Noun phrases <fVerbphrases.</Sentences

transforming XML documents, Such as for generating an
HTML web page from XML data.
0.122 XPath is a language used to identify particular parts
of XML documents. XPathlets users write expressions that
refer to elements and attributes. XPath indicates nodes in the

0114 or cosmetically printed as:
<Sentences
<Noun phrases

<ProperNouns
John

</ProperNouns
</Noun phrases
&Verbphrases
&Verbs
kissed

</Verbs
<Noun phrases

<ProperNouns
Mary
</ProperNouns
</Noun phrases
</VerbPhrases
</Sentences

tree by their position, relative position, type, content, and
other criteria. XSLT uses XPath expressions to match and
Select Specific elements in an XML document for Output
purposes or for further processing.
0123. When linguistic trees are represented using XML
based markup, XPath and XPath-based functionality can
Serve as a basis for processing that representation much like
linguists have historically used Lisp and Lisp-based func
tionality.
0.124. Most work in information extraction research with
which the inventors are familiar has focused on Systems
where all of the component technologies were created or
adapted to work together. Base token identification feeds
into named entity recognition. Named entity recognition
results feed into a part of Speech tagger. Part of Speech
tagging results feed into a parser. All of these processes can
make mistakes, but because each tool feeds its results into

the next one and each tool generally assumes correct input,
errors are often built on errors.

0115 The elements of the XML representation corre
spond to the nodes in the tree representation here. And just
as attributes can be added to the nodes in the tree, Suchas

0.125. In contrast, where annotation processes come from
multiple Sources and are not originally designed to work
together, they do not necessarily build off each other's

+Object, +Patient and Literal “Mary' were added to the tree

mistakes. Instead, their mistakes can be in conflict with one

in FIG. 2, attributes can be associated with XML elements.

another.
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0.126 For example, a named entity recognizer that uses
capitalization might incorrectly include the capitalized first
word of a Sentence as part of a name, whereas a part of
Speech tagger that relies heavily on term dictionaries may
keep that first word Separate. E.g.,

functionality with what on the Surface appeared to be Some
tree navigation functionality. However, in that tool, only a
few interesting types of tree-based relationships were
retained. These were translated into a positional, linear,
non-tree representation So that their regular expression

based extraction language, Mother of Perl (“MOP”), could
Original text:
Named entity:
Part of Speech:

Did Bill go to the store?
Person
AUXI ProperNoun

0127. This can be an even bigger problem if two anno
tators conflict in their results at both the beginning and the
end of the annotated text String. For example, for the text
string A B C D E, assign tag X to ABC and Y to CD E as
shown in FIG. 4. In an XML representation, one possible
end result is:

0129. For example, if a sentence mentions a college and
its home State, “ . . . University of Chicago, Ill. . . . , then
overlapping annotations for Organization and City may
result:

<Organization> University of <City> Chicago,
</Organization> Illinois </City>

also apply to those relationships in its rules. The Penn Tools
information extraction research prototype does not have the
ability to exploit all of the available, tree-based relationships
in combination with full regular expression-based pattern
recognition.
0133. It is to the solution of these and other objects to
which the present invention is directed.
BRIEF SUMMARY OF THE INVENTION

0.134. It is therefore a primary object of the present
invention to provide a fact extraction tool Set that can extract
targeted pieces of information from text using linguistic and
pattern matching technologies, and in particular, text anno
tation and fact extraction.

0135) It is another object of the present invention to
provide a method for recognizing patterns in annotated text
that exploits all tree-based relationships and provides full
regular expression-based pattern recognition.
0.136. It is still another object of the present invention to
provide a method that resolves conflicting, or crossed,
annotation boundaries in annotations generated by indepen
dent, individual annotators to produce well-formed XML.
0.137 These and other objects are achieved by the pro

0130 Well-formed XML has a strict hierarchical syntax.
In XML, marked sub-pieces of text are permitted to be
nested within one another, but their boundaries may not

vision of a fact extraction tool set (“FEX”) that extracts

XML-based applications, because the text and their
attributes are created through guidance from valid document

(crossed) annotation boundaries in an annotated text to

cross. That is, they may not have overlapping tags (HTML,
the markup commonly used for web pages, does permit
overlapping tags.) This typically is not a problem for most
type definitions (DTDs). Because it is possible to incorpo

rate annotators that were not designed to Some common
DTD, annotators can produce conflicting attributes. For that
reason the RuBIE annotation process needs a component
that can combine independently-generated annotations into
valid XML.

0131 Further, our past experiences with prior pattern
recognition tools showed a great deal of value for both the
use of regular expressions and tree-traversal tools, depend
ing on the application. Tools such as SRA NetOwl(R) Extrac
tor, Inxight Thingfinder'TM, PerlTM, and Mead Data Central's
Leveled Parser all provide "linear pattern recognition, and
tools such as XSLT and XPath provide hierarchical tree
traversal. However, we did not find any pattern recognition
tool that combined these, particularly in a way appropriate
for XML-based document representations. The typical rep
resentation to which regular expressions usually apply do
not have a tree Structure, and thus is not generally conducive
to tree traversal-based functionality. Whereas tree represen
tations are natural candidates for tree traversal functionality,
their structure is not generally Supportive of regular expres
SOS.

0132) The Penn Tools, an information extraction research
prototype developed by the University of Pennsylvania,
combine Strong regular expression-based pattern recognition

targeted pieces of information from text using linguistic and
pattern matching technologies, and in particular, text anno
tation and fact extraction. The tag uncrossing tool in accor
dance with the present invention resolves conflicting
produce well-formed XML from the results of the individual
FEX Annotators.

0.138. The text annotation tool in accordance with the
present invention includes assigning attributes to the parts of
the text. These attributes may include tokenization, Ortho
graphic, text normalization, part of Speech tags, Sentence
boundaries, parse trees, and Syntactic, Semantic, and prag
matic attribute tagging and other interesting attributes of the
teXt.

0.139. The fact extraction tool set in accordance with the
present invention takes a text passage Such as a document,
Sentence, query, or any other text String, breaks it into its
base tokens, and annotates those tokens and patterns of
tokens with a number of orthographic, Syntactic, Semantic,
pragmatic and dictionary-based attributes. XML is used as a
basis for representing the annotated text.
0140 Text annotation is accomplished by individual pro
cesses called “Annotators” that are controlled by FEX
according to a user-defined "Annotation Configuration.”
FEX annotations are of three basic types. Expressed in terms

of regular expressions, these are as follows: (1) token

attributes, which have a one-per-base-token alignment,
where for the attribute type represented, there is an attempt

to assign an attribute value to each base token; (2) constitu

ent attributes assigned yes-no values to patterns of base
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tokens, where the entire pattern is considered to be a single

DETAILED DESCRIPTION OF THE
INVENTION

constituent with respect to Some annotation value; and (3)

links, which connect coreferring constituents Such as names,
their variants, and pronouns. In an XML representation,
token attributes tend to be represented as XML attributes on
base tokens, and constituent attributes and links tend to be

represented as XML elements. Shifts tend to be represented
as XPath expressions that utilize token attributes, constituent
attributes, and links

0.141. Within the Annotation Configuration, appropriate
FEX Annotators are identified as well as any necessary
parameters, input/output, dictionaries, or other relevant
information. The annotation results of these FEX Annotators

are stored individually.
0142. The fact extraction tool set in accordance with the
present invention focuses on identifying and extracting
potentially interesting pieces of information in an annotated
text by finding patterns in the attributes stored by the
annotators. To find these patterns and extract the interesting
facts, the user creates a RuBIE annotation file using a

Rule-Based Information Extraction language (“the RuBIE
pattern recognition language') to write pattern recognition
and extraction rules. This file queries for literal text,
attributes, or relationships found in the annotations. It is
these queries that actually define the facts to be extracted.
The RuBIE annotation file is compiled and applied to the
aligned annotations generated in the previous Steps.

0143. Other objects, features, and advantages of the
present invention will be apparent to those skilled in the art
upon a reading of this specification including the accompa
nying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

0144. The invention is better understood by reading the
following Detailed Description of the Preferred Embodi
ments with reference to the accompanying drawing figures,
in which like reference numerals refer to like elements

throughout, and in which:
014.5 FIG. 1 is a tree representation for the phrase John
kissed Mary.
0146 FIG. 2 is the tree representation of FIG. 1 with
further annotations of the token Mary.
0147 FIG. 3 shows a tree representation of the basic
Structure of a news article.

0148 FIG. 4 shows the assignment of tags with conflict
ing boundaries (or nesting) to the text String A B C D E.
014.9 FIG. 5 is a diagrammatic illustration of a first
scenario in which a FEX product creates a database with the
facts extracted by the FEX tool set and provides a customer
interface to present these facts from the database.
0150 FIG. 6 is a diagrammatic illustration of a second
Scenario in which an FEX product updates an original
document with extracted facts metadata and leverages an
existing customer interface to present the facts.
0151 FIG. 7 is a diagrammatic illustration of the FEX
tool Set architecture.

0153. In describing preferred embodiments of the present
invention illustrated in the drawings, specific terminology is
employed for the sake of clarity. However, the invention is
not intended to be limited to the Specific terminology So
Selected, and it is to be understood that each Specific element
includes all technical equivalents that operate in a similar
manner to accomplish a similar purpose.

0154) The fact extraction (“FEX”) tool set in accordance

with the present invention extracts targeted pieces of infor
mation from text using linguistic and pattern matching
technologies, and in particular, text annotation and fact
extraction.

O155 The text annotation process assigns attributes to a
text passage Such as a document, Sentence, query, or any
other text String, by parsing the text passage-breaking it
into its base tokens and annotating those tokens and patterns
of tokens with a number of orthographic, Syntactic, Seman
tic, pragmatic, and dictionary-based attributes. These
attributes may include tokenization, text normalization, part
of Speech tags, Sentence boundaries, parse trees, Semantic
attribute tagging and other interesting attributes of the text.
0156 Text structure is usually defined or controlled by
Some type of markup language. In the FEX tool Set, an
annotated text is represented using XML, the Extensible
Markup Language. The FEX tool set includes a tag uncross

ing process to resolve conflicting (crossed) annotation
boundaries in an annotated text to produce well-formed
XML from the results of the text annotation process prior to
fact extraction.

0157, XML was chosen to annotate text in the FEX tool
Set for two key properties:
0158 XML’s approach to marking up a text with

tags (actually tag pairs, marking the beginning and
the end of some part of the text-an element of the

text) allows it to represent hierarchical information

because elements can be nested inside other ele

ments, including a document element (an element
that contains the entire text). Some types of linguistic

text processing-natural language parsing, in par
ticular-create a tree-hierarchy-based representation
of a text and its linguistic constituents, Such as Noun
Phrase, Verb Phrase, Prepositional Phrase or Subor

dinate Clause (Somewhat akin to sentence diagram
ming of the type taught in high School English

classes).
0159. It is possible to annotate any element in an
XML-based representation of a document with
attributes. Many types of linguistic text processing
assign attributes to words and tokens, patterns of
tokens, linguistic constituents, Sentences, and even
entire documents, each of which can be represented
as an element in an XML-based representation of a
document.

0152 FIG. 8 is a high level flow diagram for the pro
cessing flow of the FEX tool set using the architecture

0160 The FEX Annotation Process includes the manage
ment of annotation configuration information, the actual
running of the annotators, and the alignment of the resulting

shown in FIG. 7.
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0.161 In general, a text is annotated by first segmenting,
or tokenizing, it into a Sequence of minimal, meaningful text
units called base tokens, which include words, numbers,

punctuation Symbols, and other basic test units. General
examples of token attributes with which the FEX tool set can
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0181. After the text has been tokenized, attributes are
assigned to it through one or more processes that apply to the
tokenized text or to the raw text. Every base token has at
least one attribute-its literal value. Most tokens will have

to part of Speech tags, literal values, morphological roots,

numerous additional attributes. They may also be part of
pattern of tokens that have one or more attributes. Depend
ing on the linguistic Sophistication of a particular extraction
application, a token may have a few or a few dozen attributes
assigned to it, directly or through its parents in the tree

attributes include, but are not limited to:

Structure representation (“representation” referring here to

annotate the base tokens of a text include, but are not limited

and orthographic properties (e.g., capitalized, upper case,
lower case Strings). More specifically, examples of these
0162 (1) The literal value of the character string,
e.g., String="mark;

0163 (2) Capitalization-corrected literal value;
0164 (3) Literal value regardless of capitalization;
0165 (4) Specific part of speech, such as Noun,
Verb, Article, Adjective, Adverb, Pronoun, etc.;

0166 (5) Inflectional morphological root, e.g.,

match a noun regardless of whether it is singular or

plural (root (dog) matches dog or dogs), or match a
verb regardless of its form (e.g., root (go) matches
go, goes, going, Went, gone);
0167 (6) Inflectional morphological attributes, e.g.,
test whether a noun is singular or plural, or test
whether a verb agrees with the grammatical Subject
on first perSon, third perSon, etc.;

0168 (7) Orthographic attributes, such as capital

ized String, upper case letter, upper case String, lower
case letter, lower case String, digit, digit String,
punctuation Symbol, white Space, and other,

0169 (8) Pragmatic features, such as those that can
indicate whether a constituent is a direct quotation,
conditional, Subjunctive or hypothetical;

0170 (9) Document region where the token is
located, Such as headline, byline, dateline, date, lead,
body, table, and other;

0171 (10) Positional information, including the

token's relative position in a document by token
count and by character count;

0172 (11) The length of the token;
0173 (12) Special token types such as company
name, person name, organization name, city name,
county name, State name, province name, country
name, geographic region name, phone number, Street
address, Zip code, monetary amount, and time;

0174 (13) Syntactic constituent types such as sen
tence, clause, basal noun phrase, and maximal noun
phrase;
O175

y
14) Syntactic
roles Such as Subject, verb, verb

group, direct object, negated constituent,

0176 (15) Semantic roles such as agent, action, and
patient;

0177
0178
0179
0180

(16) Noun phrase contains a number;
(17) Noun phrase is a person;
(18) Noun phrase is animate or inanimate; and
(19) The token simply is present.

the fact that what is Stored on the computer is a represen

tation of a tree structure). A constituent is a base token or

pattern of base tokens to which an attribute has been
assigned.
0182 Once one or more attributes have been assigned to
the base tokens or patterns of base tokens, tests are applied
to the constituents to Verify either the value of a constituent
or whether a particular attribute has been assigned to that
constituent. If a test is Successful, the pattern recognition
process consumes, or moves to a point just past, the corre
sponding underlying base-tokens. Because the pattern rec
ognition process can shift, or move, to different locations in
a text, it is possible for a Single pattern recognition rule to
consume the same base tokens more than once.

0183 Text annotation in accordance with the present
invention is accomplished by individual processes called

“Annotators” Annotators used by the FEX tool set (“the
FEX Annotators') can include proprietary annotators
(including base tokenizers or end-of-sentence recognition)
as well as commercially-available products (e.g., Inxight's
ThingFinderTM and LinguistX(R) are commercially available
tools that Support named entity and event recognition and
classification, part of Speech tagging, and other language

processing functions). When developing an information
extraction application, the user will determine which FEX
Annotators should apply to the text. The FEX tool set allows
the user to control the execution of the FEX Annotators

through annotation configuration files, which are created and
maintained by the user in a graphical user interface devel

opment environment (GUI-DE) provided by the FEX tool
Set. Within the annotation configuration files, the user lists
the FEX Annotators that the user wishes to run on his or her

files, any relevant parameters for each (like dictionary names
or other customizable Switches, input/output, or other rel

evant information). The user also determines the order in

which the selected FEX Annotators run, since Some FEX

Annotators might depend on the output of others. The

annotation results of these FEX Annotators are stored indi

vidually.
0.184 Based on the annotation configuration, the FEX
tool Set runs the chosen annotators against the input docu
ments. Generally, the first FEX annotator that runs against
the document text is the Base Tokenizer, which generates
“base tokens.” Other FEX Annotators may operate on these
base tokens or may use the original document text when
generating annotations.
0185. Because the resulting annotations can take many
forms and represent many different types of attributes, they
must be “aligned’ to the base tokens. Annotation alignment
is the process of associating all annotations assigned to a

particular piece of text with the base token(s) for that text.
0186 XML requires well-formed documents to be “prop
erly nested.” When Several annotation programs apply
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markup to a document independently they may croSS each
other's nodes, resulting in improperly nested markup. Con

sider the following Example (a):

(OTHER <! DOCTYPE doc >)
(START <docs nesting-level=1)
(START <SENTENCEs nesting-level="2)
(OTHER ssss)
(START <ADJP> nesting-level="5)
(OTHER iii)
(START <CLAUSEs nesting-level="3)
(OTHER cccc)
(START <NPs nesting-level="4)
(OTHER nnnn)
(END </ADJP> nesting-level="5)
(END </NPs)
(END </CLAUSEs nesting-level="3)
(END </SENTENCEs nesting-level="2)
(END </docs nesting-level="1)

EXAMPLE (a)
0187)
&DOCTYPE docs &docs
&SENTENCEs SSSS
&ADPs

ji
<CLAUSEs cccc
&NPs nnnn

</ADJPs
</NPs
</CLAUSEs
</SENTENCEs.
</docs

0188 In Example (a), the <ADJP> node “crosses” the
<CLAUSE> and <NP> nodes, both of which begin inside of

the <ADJP> node, but terminate outside of it (i.e., beyond
</ADJP>). Such an improperly nested document cannot be
processed by standard XML processors. The method by
which the FEX tool set uncrosses Such documents to a

properly-nested Structure, as shown in the following

Example (b), will now be described.
EXAMPLE (b)
0189)

0191) Step 2: Set INDEX at the first element of the array
and scan the array object-by-object by incrementing INDEX
by 1 at each Step.
0192 Step 3: If the object at INDEX is a START-TAG,
push a pointer to it onto an UNMATCHED-START-STACK

(or, simply “the STACK). Continue scanning.
0193 Step 4: If the current object is an END-TAG,
compare it to the START-TAG (referenced) at Top of the
STACK (“TOS").
0194 Step 5: If the current END-TAG matches the
START-TAG at TOS, pop the STACK. For example, the
END-TAG “z/docs’ matches the START-TAG “Cdocs.

Continue scanning with the DOM element that follows the
current END-TAG.

0195 Step 6: If the current END-TAG does not match the
START-TAG at TOS, then
&DOCTYPE doc ><docs
&SENTENCEs SSSS

<ADJP spid="adjp1'>
ji
</ADJPs

0196) Step 7: If the NESTING-LEVEL of the START
TAG at TOS is less than the NESTING-LEVEL of the

END-TAG at INDEX, we are at a position like the follow
ing:

<CLAUSE> <ADJP spid="adjp1'> cccc
</ADJPs

<NPs <ADJP spid="adjp1'> nnnn
</ADJPs
</NPs
</CLAUSEs
</SENTENCEs.
</docs

0.190 Step 1: Given a crossed XML document as in
Example (a), convert contiguous character-Sequences of the
document to a Document Object Model (DOM) array of

three object-types of contiguous document markup and
content: START-TAGs, END-TAGs, and OTHER. Here

START-TAGs and END-TAGs are markup defined by the
XML standard, for example, <doc> is a START-TAG and
</doc is its corresponding END-TAG. START-TAGs and
their matching END-TAGs are also assigned a NESTING
LEVEL such that a parent-node's NESTING-LEVEL is less

than (or, alternatively, greater than) its desired children's
NESTING-LEVEL. All other blocks of contiguous text,
whether markup, white Space, textual content, or CDATA are
designated OTHER. For example, in one instantiation of this

invention, Example (a) would be represented as follows:

(OTHER <! DOCTYPE doc >)
(START <docs nesting-level="1)
(START <SENTENCEs nesting-level="2)
(OTHERssss)
(START <ADJP> nesting-level="5)
(OTHER iii)
(START <CLAUSEs nesting-level="3)
(OTHER cccc)

TOS-->

(START <NPs nesting-level="4)

INDEX -->

(END </ADJP> nesting-level=5)

(OTHER nnnn)

(END </NPs)
(END </CLAUSEs nesting-level="3)
(END </SENTENCEs nesting-level="2)
(END </docs nesting-level="1)

0197) This is the PRE-RECURSION position. If the
END-TAG at INDEX does not have a SPID, assign it

SPID='1'. Create a split-element start tag (SPLART-TAG)

matching the END-TAG at INDEX. Insert the new
SPLART-TAG above TOS. Copy the END-TAG at INDEX
immediately below TOS, incrementing its SPID. Now recur
sively apply Step 6, with INDEX set below the old TOS and
TOS popped, as in the continuing example:
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-continued

(OTHER <! DOCTYPE doc >)
(START <docs nesting-level="1)
(START <SENTENCEs nesting-level="2)
(OTHERssss)
(START <ADJPs nesting-level=5)
(OTHER iii)

TOS-->

(START <CLAUSEs nesting-level="3)

INDEX-->

(END </ADJP> nesting-level="5 SPID="2)

TOS-->
INDEX-->

(OTHER cccc)

0198 This process will recur until TOS and INDEX
match, as in the continuing example:

0202) In this case we create a SPLART-TAG at TOS, and
insert a copy after INDEX with SPID incremented, and a
matching END-TAG before INDEX. We then pop the
STACK, arriving at the following exemplary position.

(OTHER <! DOCTYPE doc >)
(START <docs nesting-level="1)
(START <SENTENCEs nesting-level="2)
(OTHERssss)

TOS-->

(START <ADJPs nesting-level=5)

INDEX-->

(END </ADJP> nesting-level="5 SPID="3)

(OTHER iii)

TOS-->

0199. At this point the START-TAG at TOS is assigned
the SPID of the (matching) END-TAG at INDEX, and the
recursion unwinds to the PRE-RECURSION POSITION, as
in the continuing example:

TOS-->
INDEX -->

(OTHER <! DOCTYPE does)
(START <docs nesting-level="1)
(START <SENTENCEs nesting-level="2)
(OTHERssss)
(START <ADJP> nesting-level="5 SPID="3)
(OTHER iii)
(END </ADJP> nesting-level="5 SPID="3)
(START <CLAUSEs nesting-level="3)
(START <ADJP> nesting-level="5 SPID="2)
(OTHER cccc)
(END </ADJP> nesting-level="5 SPID="2)

(START <NPs nesting-level="4)

(START <ADJP> nesting-level="5 SPID=1)
(OTHER nnnn)

(END </ADJP> nesting-level="5 SPID=1)

(END </NPs)
(END </CLAUSEs nesting-level="3)
(END </SENTENCEs nesting-level="2)
(END </docs nesting-level="1)

0200. Now INDEX is incremented and scanning of the
array resumes at Step 3. Note than the SPLART-ELE
MENTS added during recursion are not on STACK.
0201 Step 8: If the nesting level of the START-TAG at
TOS is greater than or equal to the NESTING-LEVEL of the
END-TAG at INDEX, we are at a position like the follow
ing:
(OTHER <! DOCTYPE doc >)
(START <docs nesting-level=5)
(START <SENTENCEs nesting-level="4)
(OTHERssss)
(START <ADJPs nesting-level='1)
(OTHER iii)

(START <CLAUSEs nesting-level="3)
(OTHER cccc)
(START <NPs nesting-level="2)
(OTHER nnnn)
(END </ADJP> nesting-level='1)
(END </NPs)
(END </CLAUSEs nesting-level="3)
(END </SENTENCEs nesting-level="4)
(END </docs nesting-level=5)

INDEX-->

(OTHER <! DOCTYPE doc >)
(START <docs nesting-level=5)
(START <SENTENCEs nesting-level="4)
(OTHERssss)
(START <ADJP> nesting-level='1)
(OTHER iii)

(START <CLAUSEs nesting-level="3)

(OTHER cccc)
(START <NPs nesting-level="2 SPID=1)
(OTHER nnnn)
(END </NPs)

(END </ADJP> nesting-level='1)

(START <NPs nesting-level=2 SPID=2)
(END </NPs)
(END </CLAUSEs nesting-level="3)
(END </SENTENCEs nesting-level="4)
(END </docs nesting-level=5)

0203) Once again, the NESTING-LEVEL of the START
TAG at TOS is greater than the NESTING-LEVEL at
INDEX, so step 8 is repeated until the START-TAG at TOS
match, at which point the method continues from Step 3.
0204 Step 9: If the PRIORITY of the START-TAG at
TOS is greater than the PRIORITY of the current END
TAG, set the variable INCREMENT to 1. Recursively
descend the START-STACK until a START-TAG is found
which matches to the current END-TAG. Create a SPLART

TAG from this START-TAG, as in Step 7, and replace the
START-TAG in the DOM at the index of the START-TAG

at TOS with this (current) SPLART-TAG.
0205 Step 10: Unwind the STACK, and at each succes
sive TOS, insert a copy of the current END-TAG into the
array before the array index of the START-TAG at TOS. Add
INCREMENT to the array index of the START-TAG at
TOS. If INCREMENT is equal to 1, set it to 2. Insert a copy
of SPLART-TAG into the DOM after the index of the

START-TAG at TOS and continue unwinding the STACK at
Step 10.
0206 Step 11: Resume scanning after the current END
TAG at Step 2.
0207 Those skilled in the art will understand that the
DOM, which in the above description is implemented as an

array, may also be implemented as a string (with arrays or
Stacks of indeX pointers), as a linked-list, or other data
Structure without diminishing the generality of the method in
accordance with the present invention. Likewise, the num
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ber, names, and types of elements represented in the DOM
may also be changed without departing from the principles
of the present invention. Similarly, the recursive techniques
and SPID numbering conventions used in the preceding
example were chosen for clarity of exposition. Those skilled
in the art will understand that they can be replaced with
non-recursive techniques and non-Sequential reference iden
tification without departing from the principles of the
present invention. Finally it will be noted that this algorithm
generates a number of "empty nodes', for example, nodes of
the general form <np Spid="XX'></np>, which contain no
content. These may be left in the document, removed from
the document by a post-process, or removed during the
operation of the above method without departing from the
principles of the method in accordance with the present
invention. Those skilled in the art will understand further
that the method described here in terms of XML can also be

applied to any other markup language, data Structure, or
method in which marked Segments of data must be properly
nested in order to be processed by any of the large class of
processes which presume and require proper nesting.
0208. The fact extraction process in accordance with the
present invention will now be described. Fact extraction
focuses on identifying and extracting potentially interesting
pieces of information in an annotated text by finding patterns
in the attributes stored by the FEX annotators. To find these
patterns and extract the interesting facts from the aligned
annotations, the user creates a file in the GUI-DE using a

Rule-Based Information Extraction language ("the FEX
RuBIE pattern recognition language”). This file (“the RuBIE
application file') comprises a set of instructions for extract

ing pieces of text from Some text file. The RuBIE application
file can also comprise comments and blanks. The instruc
tions are at the heart of a RuBIE-based extraction applica
tion, while the comments and blanks are useful for helping
organize and present these instructions in a readable way.
0209 The instructions in the RuBIE application file are
represented in RuBIE in two different types of rules or

Statements, (1) a pattern recognition rule or statement, and
(2) an auxiliary definition statement. A RuBIE pattern rec

0213 A pattern is a regular expression-like description of
a number of base tokens or other constituents that should be

recognized in Some way, where the recognition of the tokens
is primarily driven by targeted attributes that have been
assigned to the text through annotation processes. One or
more annotation value tests, Zero or more recognition shifts,
and Zero or more regular expression operators may all be
included in a pattern.
0214. Only one label may be assigned to a pattern.
Exemplary Syntax used to capture the functionality of the
RuBIE pattern recognition language is Set forth in Tables 1
through 14. The notation in Tables 1 through 14 is exem
plary only, it being understood that other notation could be
designed by those of skill in the art. In the examples used
herein, a RuBIE pattern recognition rule begins with a label

and ends with a semicolon (;).
TABLE 1.

Binary Operators
Exemplary syntax

Functionality

BOP = &

logical AND
logical OR
is followed by a.k.a. concatenation

BOP =

BOP = <spaces

0215)
TABLE 2

Unary Pre-operators

Exemplary syntax

Functionality

UOPre = -

complement

0216)
TABLE 3

ognition rule is used to describe what text should be located
by its pattern, and what should be done when Such a pattern
is found.

0210 RuBIE application files are flat text files that can be
created and edited using a text editor. The RuBIE pattern
recognition language is not limited to the basic 26-letter
Roman alphabet, but at least minimally also Supports char
acters found in major European languages, thus enabling it
to be used in a multilingual context.
0211) Ideally, RuBIE application files can contain any
number of rules and other components of the RuBIE pattern
recognition language. They can Support any number of
comments and any amount of white Space, within size limits
of the text editor. Any limits on Scale are due to text editor
Size restrictions or operational performance considerations.
0212. A RuBIE pattern recognition rule comprises three

components: (1) a pattern that describes the text of interest,
perhaps in context, (2) a label that names the pattern for
testing and debugging purposes; and (3) an action that
indicates what should be done in response to a Successful
match.

Unary Post-operators

Exemplary syntax

Functionality
Zero closure

positive closure
repetition range specification

0217)
TABLE 4
Shifts

Exemplary syntax

Functionality

Shift = govtov
Shift = gonton
Shift = govtos
Shift = gostov
Shift = govtoo
Shift = gootov
Shift = gosntov
Shift = goctov
Shift = goleftn

verb group to start of verb group
noun phrase to start of noun phrase
verb group to start of subject
subject to start of verb group
verb group to start of object
object to start of verb group
sentence to start of verb group
clause to start of verb group
left in tokens
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0220)
TABLE 4-continued
TABLE 7
Shifts
Token Attribute Tests

Exemplary syntax

Functionality

Shift = gorightn

right in tokens

Shift = retest
Shift = redo

Shift = gosns
Shift = gosne
Shift = gonpton
Shift = corefa
Shift = corefc

Exemplary syntax

Functionality

leftmost base token tested

T(v) = literal

case-sensitive form of the base

leftmost base token in scope just

T(v) = word

case-insensitive form of the base

matched
start of current sentence
end of current sentence

noun phrase to start of head noun
start of next coreferring basal noun
phrase
start of preceding coreferring basal
noun phrase

oken string
oken string
base level token orthographic

T(v) = token

attribute

T(v) = POS
T(v) = root
T(v) = morphfeat
T(v) = morphdfeat
T(v) = space

part of speech tag
inflectional morphological root
inflectional morphology attributes
derivational morphology attributes
representation of white space
ollowing the token in the original

T(v) = region

segment name or region in the

ext

document

0218)
TABLE 5
Constituent Attribute Tests

Exemplary syntax

Functionality

T = present

placeholder for when any token will

T = Company

do
company name
person name

T = Person

T = Organization
T = City
T = County

T(v) = tokennum
T(v) = startchar
T(v) = endchar
T(v) = length
T(v) = DocID
T(v) = attribute

sequential number of token in text
position of token's first character
position of tokens last character

character length of token
document identification number that
includes the current base token

attributes assigned using a system
or user-defined word dictionary

0221)

organization name
city name

TABLE 8

county name

T = State

State name

T = Region
T = Country

region name
country name

Exemplary syntax

T = Phone
T = Address

v = value

pecific character string or numeric

T = Zipcode

phone number
street address or address fragment
zip code

T = Case
T = Statute

case citation
statute citation

v = value

T = Money

monetary amounts

w = =value

T = BasalNP
T = MaxNP
T = Time
T = NPNum

basal noun phrase
maximal noun phrase

reater than the specified character
ring or numeric value
reater than or equal to the
pecified character string or

T = Subject
T = VerbGp
T = DirObj
T = Negated

time amount

basal noun phrase that contains a
number
subject
verb group
direct object
negated

T = Sentence

Sentence

T = Paragraph

paragraph

T = EOF

T = attribute

end of file, a.k.a. end of text

input
attributes assigned using a system
or user-defined phrase dictionary,

Token attribute Test Values

Functionality
alue

umeric value
w = <=value
w = <value
v = value...value

w = -value

less than or equal to the specified
character string or numeric value
less than the specified character
string or numeric value
greater than or equal to the first
character string or numeric value,
and less than or equal to the second
character string or numeric value,
where the second value is greater
than or equal to the first value
not the character string or numeric
value

where attribute is some attribute

defined by the system or dictionary

0222
TABLE 9

0219)

Auxiliary Definition Patterns
TABLE 6

Constituent Attribute Tests for Syntactically-related Constituents
% T(s), where T is any T from the above list, and s is any
s from a list of possible syntactically-related

Exemplary syntax

Functionality

&AUXPATs = T

constituent attribute test

<AUXPAT = T(v)

token attribute test, single value
token attribute test, multiple
values

constituents.

<AUXPAT = (
<AUXPATs )

grouping a sub-pattern for an
operator)
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Exemplary syntax

TABLE 9-continued

TABLE 13-continued

Auxiliary Definition Patterns
Functionality

Actions

Exemplary syntax

Functionality

&AUXPATs = &AUXPATs
BOP AUXPATs
&AUXPATs = UOPre

using binary operators in patterns
using unary pre-operators in

A=

extract paragraph that contains the

&AUXPATs

patterns

#matchP(operands)

text and return name and attributes

&AUXPATs = &AUXPATs

using unary post-operators in

A=

extract the text and surrounding in

UOPost

patterns

#matchin(operands)

tokens on both sides

A=

return the message(s) when text is

A=

extract sentence that contains the

#matchS(operands)

text and return name and attributes

#return (message, ...)

A = #return (format,

0223)

message, ...)

A = #block

TABLE 10

Functionality

LABEL

unique alphanumeric string

matched, formatted as indicated

hide the matched text from all other

pattern recognition rules
A = #blockS

hide the sentences that include the

matched text from all other pattern
recognition rules

Labels

Exemplary syntax

aCCC

return the message(s) when text is

A = #blockP

hide the paragraphs that include the

matched text from all other pattern
recognition rules
A = #blockD

hide the documents that include the

matched text from all other pattern
recognition rules

0224
TABLE 11

Auxiliary Definitions
Exemplary syntax

Functionality

&AUXDEFs = &LABELs:
&AUXPATs

define an aux pattern and giving it
a unique label

A = #musthaveS

only process sentences matched by

A = #musthaveP

only process paragraphs matched by

A = #musthaveD

only process documents matched by

he corresponding pattern or scope
he corresponding pattern or scope
he corresponding pattern or scope

0227
TABLE 1.4

0225)
TABLE 12

Basic Patterns for Pattern recognition rules
Exemplary syntax
Functionality
P=T

P = % T(s)

constituent attribute test

constituent attribute test on a

specified, syntactically-related
constituent

P = T(v)
P = T(v,...,v)

values

using an auxiliary definition

P = (P)

grouping a sub-pattern for an

P = P UOPost

P = P shift P

operator
using binary operators in patterns
using unary pre-operators in
patterns
using unary post-operators in
patterns
using shifts in patterns

0226
TABLE 13
Actions

Exemplary syntax

Functionality

A=

extract the text and return name and
attributes

#match (operands)

#LABEL: PA-

the scope of the actions is the

#LABEL: PA+

entire pattern
the scope of the actions is the
explicitly delineated entire pattern
actions are associated with one or

more explicitly delineated sub

patterns

token attribute test, single value
token attribute test, multiple

P = &LABELs.
P = P BOPP
P = UOPre P

Pattern recognition rules with Labels
L), Patterns (P) and Actions (A
Exemplary syntax
Functionality

0228. One or more actions may be associated with a
pattern or with one or more specified Sub-patterns in the
pattern. Generally, a Sub-pattern is any pattern fragment that
is less than or equal to a full pattern. An auxiliary definition
Statement is used to name and define a Sub-pattern for use
elsewhere. This named Sub-pattern may then be used in any
number of recognition Statements located in the Same RuBIE
application file. Auxiliary definitions provide convenient
Shorthand for Sub-patterns that may be used in Several
different patterns.
0229. Although a single pattern may match several base
tokens, whether Sequential or otherwise related, the user
may only be interested in one or more Subsets of the matched
tokens. The larger pattern provides context for the Smaller
pattern of interest. For example, in a text
aaa bbb ccc
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0230 the user may want to match bbb every time that it
appears, only when it follows aaa, only when it precedes ccc,
or only when it follows aaa and precedes ccc.
0231 When the entire pattern can be matched regardless
of context, the full pattern-as Specified-is used to match
a specific piece of text of interest. However, when only part
of the pattern is of interest for recognition purposes and the
rest is only provided for context, then it must be possible to
mark off the interesting Sub-pattern.

0232. In the following example, square brackets (II) are
used to do this. Thus, a pattern that tries to find bbb only
when it follows aaa might look Something like

0244 (4) It is possible for a pattern to have
Sequences of two or more annotation tests.

0245 (5) It is possible to identify a sequence of
annotation tests and Shifts that are to be treated as

one item with respect to Some operator. In many
regular expression languages, parentheses are used
to group Such Sequences.

0246 (6) It is possible to test a constituent for any
one of a list of attribute values for an individual
annotation test. A list of values can be used for Some

tests, e.g., test (value, ..., value), but this format is
not a requirement.

0247 (7) It is possible to test a constituent for any of
one or more different annotation tests. In the

aaa

bbb

examples used herein, a vertical bar is used, e.g., test

0233 Recognition shifts can significantly impact the text
that actually corresponds to a bracketed Sub-pattern.
Because shifts do not actually recognize tokens, shifts at the
Start or end of a bracketed Sub-pattern do not alter the tokens
that are included in the bracket. In other words,
aaa govtos

ment.

0248 (8) It is possible to test a constituent for all of
one or more different annotations. In the examples

used herein, the ampersand is used, e.g., test (value)
& test (value), but this format is not a requirement.
(The annotation tests will typically represent differ
ent annotations since an annotation attribute gener

bbb

ally has a single value for a given token.)
0249 (9) It is possible to complement a test. In the

and

aaa

(value) test(value), but this format is not a require

govtos bbb

examples used herein, the hyphen is used, e.g., -test

0234 would perform the same way, identifying bbb.
0235 However, because a piece of extracted text must be

a Sequence of adjacent base tokens, a shift can result in
non-specified text being matched. For example, given a
piece of text
aaa bbb CCC didd eee fff ggg

0236 the pattern

(value) and test (-value), but this format is not a
requirement.

0250 (10) It is possible to complement a set of tests.
In the examples used herein, the hyphen is used, e.g.,

-(test(value) test(value)), but this format is not a

requirement.

0251 (11) It is possible to specify that a pattern or
part of a pattern be repeated Zero or more times (Zero
closure). In the examples herein, the asterisk is used,
e.g., test (value), but this notation is not a require
ment.

aaa

bbb goright 2 eee

fff

0252 (12) It is possible to specify that a pattern or
part of a pattern be repeated one or more times

(positive closure). In the examples herein, the plus
Sign is used, e.g., test(value)+, but this notation is not

0237) will match

a requirement.

0253) (13) It is possible to specify that a pattern or

bbb ccc dod eee

part of a pattern be optional. In the examples herein,

the question mark is used, e.g., test (value), but this

0238 whereas the pattern
aaa

bbb

goright 2

notation is not a requirement.

eee

fff

0239 will match bbb and eee separately.
0240 A pattern must adhere to the following require
mentS.

0254 (14) It is possible to specify that a pattern or
part of a pattern be repeated at least m times and no
more than n times, where m must be greater than or
equal to Zero, n must be greater than or equal to one,
and n must be greater than or equal to m. In the

examples herein, braces are used, e.g., test (value)

{m,n}, but this notation is not a requirement.

0241 (1) It is possible for a pattern to have one or
more annotation tests.

0242 (2) It is possible for a pattern to have zero or
more shifts.

0243 (3) A shift is preceded and followed by anno
tation tests.

O255

15) In general,
text
9.
ppatterns must process
p

from left to right, except when shifts direct the
pattern recognition process to other parts of the text.

0256 (16) It is possible to use an entire pattern to
define a piece of text to extract. In this case, the
entire pattern represents the Scope of Some action or
actions.
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0257 (17) It is possible to define one or more

Sub-patterns that define pieces of text to extract. In
this case, each Sub-pattern represents the Scope of
Some corresponding action or actions. Square brack
ets are used herein to mark Sub-patterns, but this
notation is not a requirement.

0258 (18) If a sub-pattem is specified, no action can
have the entire pattern in its Scope.

0259 (19) No token can be included in the scope of
more than one action unless the actions share the
same Scope (no overlapping or nesting of Sub-pat
terns are allowed).
0260 (20) An action must follow the patterns rel
evant to that action.

0261) A label is an alphanumeric String that uniquely
identifies a pattern recognition rule or auxiliary definition.
AS the name of a RuBIE pattern recognition rule, a label
Supports debugging, because the name can be passed to the
calling program when the corresponding pattern matches
Some piece of text. AS the name of an auxiliary definition, a
label can be used in a pattern to represent a Sub-pattern that
has been defined. Auxiliary definitions are a convenience for
when the same Sub-pattern is used repeatedly in one or more
patterns.

0262. A label that is associated with some pattern may
look Something like this:

0268 An action is an instruction to the RuBIE pattern
recognition language concerning what to do with Some
matched text. Typically the user will want RuBIE to return
the matched piece of text and Some attributes of that text So
that the calling application can process it further. However,
the user may want to return other information or context in
Some cases. A Selection of actions gives the user increased
flexibility in what the user does when text is matched.
0269. Each action has a scope, where the scope is the
pattern or clearly delineated Sub-pattern that when matched
correctly to Some piece of text, the action will apply to that
piece of text. Each pattern recognition rule must have at least

one action (otherwise, there would be no reason for having
the Statement in the first place). A statement may in fact have
more than one action associated with it, each with a Sub

pattern that defines its Scope. More than one action may
share the same Scope, that is, the Successful recognition of
Some piece of text may result in executing more than one
action. For any given RuBIE pattern recognition rule, indi
vidual parts of the rule may Successfully match attributes
assigned to Some text. However, actions will only be trig
gered when the entire rule is Successful, even if the Scope of
the action is limited only to a subset of the rule. For this
reason, if the entire pattern recognition rule Successfully
matches Some pattern of text attributes, all associated
actions will be triggered, if any part of the rule fails, none of
its associated actions will be triggered.
0270. The requirements for actions are as follows:

0271 (1) The entire pattern must match before any
<person>: (word (“mir', 'ms', 'mirs') literal (“.)?
)? token (capstring, capinitial){1,4}
#officer: <person> literal (“.)? jobtitle

0263. The auxiliary definition <person> may consist of a
title word optionally followed by a period, although this
Sequence is optional. It is then followed by one to four
capitalized words or Strings. The #officer pattern recognition
rule uses the <perSon> label to represent the definition of a
perSon, followed by an optional comma and then followed
by a job title to identify and extract a reference to a corporate
officer. Thus, there is a distinction between this Sample
auxiliary definition “-person>'' and the “Person' constituent
attribute test as found in Table 5.

0264. The requirements for labels are as follows:
0265 (1) Each pattern recognition rule must have a
unique label that distinguishes it from all other
pattern recognition rules. In the examples herein,
#alphanumeric: is used as a pattern label, but this
format is not a requirement.
0266 (2) Each auxiliary definition must have a
unique label that distinguishes the auxiliary defini
tion from all other auxiliary definitions. In the
examples used herein, <alphanumerica: is used as an
auxiliary definition label, but this format is not a
requirement.
0267 (3) It is possible to use an auxiliary definition
label, excluding the colon, in a pattern recognition
rule to represent a Sub-pattern as defined by the
auxiliary definition pattern.

actions associated with Scopes in that pattern are
triggered.

0272 (2) There is a #match action that labels and

returns a piece of text matched by Some pattern or
sub-pattern that falls within the scope of the #match
action. The Specific imatch notation is used herein
for example purposes, but it is not a requirement.

0273 (3) A pair of markers around some sub-pattern
that has a corresponding #match action defines the
Scope of that imatch action. Square brackets are
used herein for example purposes, but this notation
is not a requirement.

0274 (4) If no sub-pattern within a pattern is delim

ited by a pair of markers, the entire pattern is within
the Scope of the corresponding #match action.

0275 (5) A #match action must take one or more
operands.

0276 (6) A #match action must specify a category
name or Some user-defined text to describe the
matched text.

0277 (7) A #match action must specify a list of Zero

or more annotation types. For each matched pattern,
corresponding annotation values are returned for
each annotation tag in the Specified list.

0278 Suppose for example that #match (operand,
..., operand) is used to represent a #match action.

Suppose also that POS is the part of speech
annotation tag and root is the morphological root
annotation tag. Then Something like

0279) #match(victim. POS.root)
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0280 could return the extracted text with the label
victim, followed by the part of speech for each
base token in the extracted text, followed by the
morphological root for each base token in the
extracted text.

0281 (8) The #matchS action is the same as the

imatch action, except that imatchS returns text
asSociated with the Smallest Sequence of one or more

Sentences that include the matched text ("context
Sentences”).
0282 (9) The #matchP action is the same as the

#match action, except that it matchP returns the text
asSociated with the Smallest Sequence of one or more

paragraphs that include the matched text. (“context
paragraphs").
0283 (10) The #matchin action, where n is an
unsigned positive integer, is the same as the #match
action, except that imatchin returns the matched text
and the text associated with up to n base tokens on
either side of the matched text if those tokens are

available. (“context tokens').
0284 (11) The #return action provides a means for

the application to return one or more messages when
a Successful match occurs, where the operands are
the messages to return.

0285 Suppose for example that #return (mes
Sage) is used to represent a #match action. It

would then be possible to provide the calling
program with a return code or “normalized” text,
as in the pattern

0286 literal (“schnauzer”, “poodle")#return
(“Found a dog.”)
0287 returning the text B Found a dog. every
time it finds literal values Schnauzer or poodle.

0288 (12) The scope of a #return action is defined
the same way as the Scope of a #match action.

0289 (13) The #return action allows formatted

Strings to be returned. For example, if the first
operand is a “format String”, i.e., contains placehold
erS for String Substitution, then the following oper
ands must be text Strings for Substitution into the
format String at the respective placeholder locations.

0290 (14) The #return action allows an explicit
destination file.

0291 For example, if the placeholders in the
format string look like “% s” and S1 and S2
represent the patterns matched respectively, a
#return (format, message, . . . ) action might look
like:

0292 Person root(“sue") Person#return(“%
s sued 7% s”, S1, S2)
0293 returning some text like “John Smith Sued
Bob Johnson’.

0294 (15) The #block action provides the applica
tion with a means to “hide' a piece of text from other
pattern recognition rules. Text that is matched within
the scope of a #block action may not be matched by

any other pattern recognition rule. It is noted that this
creates an exception to the general principle that all
recognition Statements can apply to all the text

(“block text”).
0295 (16) The scope of a #block action is defined
the same way as the Scope of a #match action.

0296 (17) The #blocks action provides the applica
tion with a means to “hide' a piece of text from other
pattern recognition rules. Sentences that include text
that is matched within the scope of a #blocks action
may not be matched by any other pattern recognition
rule. It is noted that this creates an exception to the
general principle that all recognition Statements can

apply to all the text (“block sentences”).
0297 (18) The scope of a #blocks action is defined
the same way as the Scope of a #match action.

0298 (19) The #blockPaction provides the applica
tion with a means to “hide' a piece of text from other
pattern recognition rules. Paragraphs that include
text that is matched within the scope of a #blockP
action may not be matched by any other pattern
recognition rule. It is noted that this creates an
exception to the general principle that all recognition

Statements can apply to all the text (“block para
graphs”).
0299 (20) The scope of a #blockp action is defined
the same way as the Scope of a #match action.
0300 (21) The #blockD action provides the appli
cation with a means to “hide' a piece of text from
other pattern recognition rules. A document that
contains text that is matched within the Scope of a
#blockD action may not be matched by any other
pattern recognition rule. This effectively hides the
entire document from all other pattern recognition
rules in a RuBIE application file. It is noted that this
creates an exception to the general principle that all
recognition Statements can apply to all the text

(“block document”).
0301 (22) The scope of a #blockD action is defined
the same way as the Scope of a #match action.

0302) (23) The #musthaves action provides the

application with a means to “hide' a piece of text
from other pattern recognition rules. Only those
Sentences within a document that contain text that is

matched within the scope of a #musthaveS action
may be processed by other pattern recognition rules.
It is noted that this creates an exception to the general
principle that all recognition Statements can apply to

all the text (“sentence must have”).
0303 (24) The scope of a #musthaves action is
defined the same way as the Scope of a #match
action.

0304 (25) The #musthavep action provides the
application with a means to “hide' a piece of text
from other pattern recognition rules. Only those
paragraphs within a document that contain text that
is matched within the scope of a #musthaveP action
may be processed by other pattern recognition rules.
It is noted that this creates an exception to the general
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principle that all recognition Statements can apply to

are defined. In this alternative embodiment, the RuBIE

application with a means to “hide' a piece of text
from other pattern recognition rules. Only those

application file has Syntax for defining lexical entries within
the file. One advantages of this alternative embodiment is
that there is a clear relationship between the dictionaries and
the applications that use them. Also, there is greater focus on
application-specific development work on RuBIE Applica
tion Files. However, large word and phrase lists can make
RuBIE application files difficult to read. Also, the alternative
embodiment does not promote the idea of shared or common

documents that contain text that is matched within

dictionaries.

the Scope of a #musthaveD action may be processed
by other pattern recognition rules. If an application

0318. In general, a free order among the patterns and
auxiliary definitions may be assumed. All patterns generally
apply simultaneously. However, there are two general rec
ognition order requirements, as follows:

all the text (“paragraph must have”).
0305 (26) The scope of a #musthaveP action is
defined the same way as the Scope of a #match
action.

0306 (27) The #musthaveD action provides the

file includes a #musthaveD action that has not been

triggered for Some document, no other patterns in the
RuBIE application file may find anything in that
document. It is noted that this creates an exception to
the general principle that all recognition rules can

apply to all the text (“document must have”).
0307 (28) The scope of a #musthaveD action is
defined the same way as the Scope of a #match

0319 (1) For #block actions to have any meaning,
recognition Statements with #block actions must
apply before other recognition Statements.

0320 (2) If two recognition statements match over

lapping text, both recognition Statements must apply,
except when recognition is prohibited for other rea

action.

0308 An auxiliary definition provides a shorthand nota
tion for writing and maintaining a Sub-pattern that will be
used multiple times in the pattern recognition rules. It is
Somewhat analogous to macroS in Some programming lan
guageS.

0309 Auxiliary definitions are a convenience for when
the same Sub-pattern is used repeatedly in one or more
pattern recognition rules. Repeating an example that was
used earlier, note how the auxiliary definition label <perSon>
is used in the pattern recognition rule labeled #officer:

Sons, Such as #block, #musthave, and So on.

0321. As noted above, RuBIE-based application files
may vary from a few pattern recognition rules to hundreds
or even thousands of rules. Individual rules may be rather
Simple, or they may be quite complex. Clear, well-organized
and well-presented RAFS make applications easier to
develop and maintain. The RuBIE pattern recognition lan
guage provides users with the flexibility to organize their
RAFs their own way in support of producing RAFs in a style
that is most appropriate for the application and its mainte
CC.

0322 The format requirements for RuBIE pattern recog
<person>: (word (“mir', 'ms', 'mirs') literal (“.)?
)? token (capstring, capinitial){1,4}
#officer: <person> literal (“,”)? jobtitle

0310. The auxiliary definition label may be used repeat
edly in one or more pattern recognition rules.
0311. The requirements for auxiliary definition state
ments are as follows:

0312 (1) An auxiliary definition must consist of a
uniquely labeled pattern.

0313 (2) Shifts are not permitted in auxiliary defi
nitions.

0314 (3) Actions are not permitted in auxiliary
definitions.

0315 (4) Because actions are not permitted in aux

iliary definitions, Sub-pattern Scopes cannot be delin
eated in auxiliary definitions.

0316 (5) Except for the exclusions noted in the

above requirements, an auxiliary pattern must have
all of the same characteristics of a pattern in a pattern
recognition rule.
0317. In a preferred embodiment, application-specific
dictionaries in the RuBIE pattern recognition language can
be separate annotators. Alternatively, lexical entries can be
provided in the same file in which pattern recognition rules

nition rules are as follows:

0323 (1) There is not a one-to-one relationship

between RuBIE pattern recognition rules and lines in
a RuBIE application file. A Single Statement may
span multiple lines.

0324 (2) White space may be used for formatting

purposes anywhere in between the components that
make up a RuBIE pattern recognition rule and in
between RuBIE pattern recognition rules them
Selves. Because literal values are considered Single
components, a white Space in a literal value is
considered literal Space character and not white
Space used for formatting purposes.

0325 (3) Any line may be blank or consist only of
SpaceS.

0326 (4) There are no column restrictions in a
RuBIE application file (as required in Some technical
languages).
0327 (5) It is possible to specify comments in a

RuBIE application file.
0328 Because the Fact Extraction Tool Set has API
interfaces, ownership of input annotated text, output extrac
tion results and output report files is the responsibility of the
invoking program and not the RuBIE application file. When
a Statement Successfully identifies and extracts a piece of
text, the RAF needs to communicate those results.
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0329. The fact extraction application that applies a
RuBIE application file against Some annotated text routinely
has access to Some Standard results. Also, it optionally has
access to all the annotations that Supported the extraction
proceSS.

0330. The input and output requirements for the RuBIE
pattern recognition language are as follows:
0331 (1) When an extraction successfully matches a
piece of text for extraction purposes, it provides the
calling program with (1) the name of the rule, (2) the
extracted text, (3) the start and end token numbers
matched, and (4) any message generated by actions

and Semantic role of individual tokens, patterns of tokens,
and related tokens. TeXt Structure is usually defined or
controlled by Some type of markup language; that is the
RuBIE pattern recognition language applies to one or more
Sets of annotations that have been aligned with a piece of
tokenized text.

0334 (4) The user may identify Zero or more types

0341 Although text annotation in accordance with the
present invention uses XML as a basis for representing the
annotated text, the RuBIE pattern recognition language itself
places no restrictions on the markup language used in the
Source text because the RuBIE pattern recognition language
actually applies to Sets of annotations that have been aligned
with the base tokens of the text rather than directly to the
Source text itself. The RuBIE pattern recognition language is
rule-based, as opposed to machine learning-based.
0342. The RuBIE pattern recognition language can
exploit any attributes with which a text representation has
been annotated. Through a dictionary lookup process, a user
can create new attributes Specific to Some application. For
example, in an executive changes extraction application that
targets corporate executive change information in business
news Stories, a dictionary may be used to assign the attribute
Executive Position to any of a number of job titles, such as
President, CEO, Vice President of Marketing, Senior Direc
tor and Partner. A RuBIE pattern recognition rule can then
simply use the attribute name rather than list all of the
possible job titles.

0335 (5) For debugging purposes, there is a Switch

0343 For the sentence
0344 Mark Benson read a book.
0345 the tokens Mark and Benson may each be anno
tated with orthographic attributes indicating their form (e.g.,
alphabetic String and capitalized String). The sequence Mark

in the rule.

0332 (2) One pattern recognition rule may extract
more than one piece of text. This is why each piece
of extracted information must contain Some type of
label, in addition to the name of the Statement.

0333 (3) Because one pattern recognition rule may
extract more than one piece of text, it must also
provide the calling program with a total extent. The

total extent is a token range from the earliest (left
most) token that a statement recognizes to the latest
(rightmost) token that the Statement recognizes for
each piece of extracted text.
of annotations to be reported for output purposes.
For each annotation specified, the attributes for that
annotation and the tokens or token Sequences that
they annotate are also returned or made accessible in
Some other way to the calling program.
that allows the user to write extraction results and

related information to a browsable report file for
Viewing and analysis purposes.
0336). Other functionalities implemented by the RuBIE
pattern recognition language are as follows:

0337 (1) Users may insert new annotation processes
at will without the need for software changes to the
RuBIE pattern recognition language to accommo
date the additional annotation types and values that
are introduced. For this reason, new annotation pro
ceSSes must provide access to their annotations in a
way that is consistent with the various requirements
of the RuBIE pattern recognition language. All anno
tation processes must provide their names and

acceptable values (including digit ranges where
appropriate) to the process that compiles or pro

cesses a RAF.

0338 (2) Users do not have to use all of the anno
tations available to them in a given application.

0339. At the user's request, the FEX server (described in
greater detail hereinafter) compiles the RuBIE application
file and runs it against the aligned annotations to extract
facts.

0340. The RuBIE pattern recognition language is a pat
tern recognition, language that applies to text that has been
tokenized into its base tokens-words, numbers, punctua
tion Symbols, formatting information, etc.-and annotated
with a number of attributes that indicate the form, function,

Benson may further be annotated with attributes such as
proper name, noun phrase, person, male, Subject, and agent.
The individual terms may also be annotated with positional

information attributes (1 for Mark and 2 for Benson),
indicating their relative position within a Sentence, docu
ment or other text.

0346). An application that targets corporate executive
change information in busineSS news Stories may have rules
that attempt to identify each of the following pieces of
information in news Stories that have been categorized as
being relevant to the topic of executive changes:

0347 (1) The executive position in question
0348 (2) The type of change(s) that occurred in that
position (e.g., hired, fired, resigned, retired, etc.)
0349 (3) The person or persons affected by the
executive change (the old or new person in the
position)
0350 (4) The name of the company, subsidiary or
division where the change took place

0351 (5) The date of the change
0352 (6) Related comments from a company
spokesperSon

0353 The semantic agent of a “retired” action (the person
performs the action of retiring) or the Semantic patient of a
“hired” or “fired” action (the person's executive status
changes because Someone else performs the action of hiring
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or firing them) is likely the person affected by the change. It

may take multiple rules to capture all of the appropriate
executives based on all the possible action-Semantic role
combinations possible. That is why a RuBIE application file
may include many rules for a Single application.
0354) Other possible extraction applications could
include the following:

Finder" commonly use dictionaries of company cues Such
as Inc, Corp, Co, and PLC, people titles Such as Mr, Dr, and

Jr, and place names).
0363 Similar to prior art regular expression-based pat

where the attack occurred, the type of attack, how
many people were injured or killed, information on
the damage done, and who claimed responsibility

tern recognition tools like SRA's NetOwl(R) technology,
PerlTM, and the Penn Tools, the RuBEE pattern recognition
language Supports common, regular expression-based func
tionality. However, the results of more Sophisticated linguis
tics processes that annotate a text with Syntactic attributes
are best represented using a tree-based representation. XML
has emerged as a popular Standard for creating a represen
tation of a text that captures its structure. AS noted above, the
FEX tool set uses XML as a basis for annotating text with
numerous attributes, including linguistic Structure and other
linguistic attributes.
0364. The relationship between two elements in the tree
based representation can be determined by following the
path through the tree between the two elements. Some
important relationships can easily be anticipated-finding

0358 (4) Identify the name of the company, rev

the Subject and object (or agent and patient) of Some verb,

0355 (1) Identify the buyer, the target, friendly vs.
hostile, and the amount of money and Stock involved
in a corporate acquisition

0356) (2) Identify a weather event, where it
occurred, how many people were injured or killed,
and the amount of damage done

0357 (3) For a story about a terrorist attack, identify

enues, earnings or losses, and the time periods for
which the figures apply.
0359 Information extraction applications can be devel
oped for any topic area where information about the topic is
explicitly Stated in the text.
0360 A pattern recognition language used as a basis for
applications that apply to text fundamentally tests the tokens
and constituents in that text for their values or attributes in

Some combination. In Some applications, the attributes are
limited to little more than orthographic attributes of the text,
e.g., What is the literal value of a token"? Is it an alphabetic
String, a digit String or a punctuation Symbol? Is the String
capitalized, upper case or lower case? And So on.
0361 Many pattern recognition languages rely on a regu
lar expression-based description of the attribute patterns that
should be matched. Typically, the Simplest example of a
regular expression in annotated text processing is a rule that
tests for the presence of a single attribute or the complement
of that attribute assigned to Some part of the text, Such as a
base token. More complex regular expressions look for
Some combination of tests, Such as Sequences of different
tests, choices between multiple tests, or optional tests among
required tests. Regular expression-based pattern recognition
processes often progreSS left-to-right through the text. Some
regular expression-based pattern recognition languages will
have additional criteria for Selecting between two pattern
recognition rules that each could match the same text, Such
as the rule listed first in the rule Set has priority, or the rule
that matches the longest amount of text has priority. Regular
expression-based pattern recognition languages are often
implemented using finite State machines, which are highly
efficient for text processing.
0362. A number of applications, especially in identifying
many categories of named entities, can be highly Successful
even with Such limited annotations. The LexisNexis(E. LEX

CITE(R) case citation recognition process, SRA's NetOwl(R)
technology and Inxight's ThingFinderTM all rely on this level
of annotation in combination with the use of dictionaries that

assign attributes based on literal values (e.g., LEXCITE(R)

uses a dictionary of case reporter abbreviations, named
entity recognition processes Such as NetOwl(R) and Thing

for example. Because Sentences can come in an infinite
variety, there can be an infinite number of possible ways to
Specify the relationships between all possible entity pairs.
The RuBIE pattern recognition language exploits Some of
the more popular Syntactic relationships common to texts.
0365. In the approach taken by the Penn Tools, a pre
defined set of Specific shift operators based on those rela
tionships was included in the language. However, that
approach limited users to only those relationships that were
predefined. The RuBIE pattern recognition language avoids
Similar restrictions. XPath provides a means for traversing
the tree-like hierarchy represented by XML document
markup. It is possible to create predefined functions and
operators for popular relationships based on XPath as part of
the RuBIE pattern recognition language, both as part of the
RuBIE language and through application-specific auxiliary
definitions, but it is also possible to give RuBIE pattern
recognition rule writers direct access to XPath So that they
can create information extraction rules based on any Syn
tactic relationship that could be represented in XML. Thus
a RuBIE pattern recognition rule can combine traditional
regular expression pattern recognition functionality with the
ability to exploit any Syntactic relationship that can be
expressed using XPath.
0366 The RuBIE pattern recognition language is unique
in its combination of traditional regular expression pattern
recognition capabilities and XPath-based tree traversal capa
bilities, in addition to providing matching patterns in an
annotated text to Support information extraction.
0367 The RuBIE pattern recognition language allows
users to combine attribute tests together using traditional
regular expression functionality and XPath's ability to
traverse XML-based tree representations. Through the addi
tion of macro-like auxiliary definitions, the RuBIE pattern
recognition language also allows users to create application
Specific matching functions based on regular expressions or
XPath.

0368. A single RuBIE pattern recognition rule can use
traditional regular expression.functionality, XPath-based
functionality, and auxiliary definitions in any combination.
The pattern recognition functionality that is deployed as part
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of the FEX tool set for tests, regular expression-based
operators, and shift operators will now be described.
0369 A test verifies that a token or constituent:

0392 (6) From within a sentence to the start of its

0370 (1) Has the presence of an attribute
0371 (2) Has the presence of an attribute that has a

0393 (7) From within a clause to the start of its verb

0372 (3) Has the presence of an attribute that has

0394 (8) From within a sentence to the start of that

0391 (5) From within an object to the start of the
verb group that governs it
verb group
group

particular value

Sentence

one of a set of possible values
0373) If the test is successful, the con-esponding text has

0395 (9) From within a sentence to the end of that
Sentence

been match.

0396 (10) From within a noun phrase to the start of

0374. A RuBIE pattern recognition rule contains a single
test or a combination of tests connected by RuBIE operators

its head noun

(a combination of regular expression and tree traversal
functionality). If the test or combination of tests are all

Successful within the logic of the operators used, then the
rule has matched the text that correspond to the tokens or
constituents, and that text can be extracted or processed
further in other ways.
0375 Regular expression-based operators in the RuBIE
pattern recognition language include the following:

0376 (1) Apply a single test to a single token or
constituent;

0377 (2) Apply a sequence of tests to a pattern of
tokens or constituents,

0378 (3) Create a test by putting a valid sequence of
tests in parentheses,

0379 (4) Either of two tests must be true (logical
OR);
0380 (5) Both of two tests must be true (logical
AND);
0381 (6) Use the complement of the result of the
test (logical NOT);
0382 (7) Apply a test to a sequence of Zero or more
tokens or constituents (Zero closure);
0383 (8) Apply a test to a sequence of one or more
tokens or constituents (positive closure);
0384 (9) Indicate that a test is optional; and
0385 (10) Apply a test to a sequence of at least m
and no more than n tokens or constituents.

0386 Shift operators rely on syntactic and other hierar
chical information Such as that which can be gained from
traversing the results of a parse tree. XML is used to capture
this hierarchical information, and XPath is used as a basis

for the following tree traversal operators:

0387 (1) From within a noun phrase to the start of
the noun phrase

0388 (2) From within a verb group to the start of the
verb group

0389 (3) From within a subject to the start of its
corresponding verb group

0390 (4) From within a verb group to the start of its
corresponding Subject

0397 (11) From within a noun phrase to the start of
the next co-referring noun phrase

0398 (12) From within a noun phrase to the start of

the previous co-referring noun phrase
0399. There are many other similar relationships that can
be captured in the RuBIE pattern recognition language's
XML-based representation. Through direct use and pro
gramming macro-like auxiliary definitions, the RuBIE pat
tern recognition language allows users to create additional
and new shift operations based on XPath in order to exploit
any of a number of relationships between constituents as
captured in the XML-based representation of the annotated
teXt.

0400. The RuBIE pattern recognition language also has
shift operators based on relative position, including

04.01 (1) Go left some number of base tokens
0402 (2) Go right some number of base tokens
0403 (3) Go to the leftmost base token most
recently matched by the application of the rule
(allows a Second test starting from the same position)
0404 Because in the RuBIE pattern recognition lan
guage, the same attribute values may be used with different

annotations (e.g., the word dog may have dog as its literal

form, its capitalization normalized form and its morphologi

cal root form), and because the user may introduce new

annotation types to an application, it is necessary to speci
fying both the annotation type and annotation value in
RuBIE pattern recognition rules.
04.05 The RuBIE pattern recognition language allows a
user to test a base token for the following attributes:

0406 (1) An attribution, which includes a specific
annotation type and corresponding annotation value.

0407 (2) Any of a number of annotation values that

correspond to a single specified annotation type. It is
possible to do this at least two different ways. The
preferred way is to allow the user to list multiple
values in a single test. Another approach requires
that the user OR together each individual annotation

value test.

0408 (3) One or more case sensitive literal values.

Because this involves individual tokens, a literal

phrase test involves testing the literal values of a
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Sequence of individual tokens. It is possible to
Specify literals in at least two ways, Such as literal

0422 (17) The current document identification. This

(word) and “word.”
04.09 (4) One or more case-corrected values.

permits a recognition rule to return the attribute
value to the calling program So that the System can
report which document a recognition occurred in
when processing collections of multiple documents.

phrase test involves testing the literal values of a
Sequence of individual tokens.

0423 (18) Arithmetic ranges of values, such as >n,

Because this involves individual tokens, a literal

0410 (5) One or more case insensitive literal values.

Because this involves individual tokens, a literal

phrase test involves testing the literal values of a
Sequence of individual tokens.

0411 (6) One or more part of speech tag values.
0412 (7) One or more inflectional morphological
root values.

0413 (8) One or more inflectional morphological
attribute values.

0414 (9) One or more derivational morphological
attribute values.

0415 (10) One or more orthographic attributes, such
as capitalized String, upper case letter, upper case
String, lower case letter, lower case String, digit, digit
String, punctuation Symbol, white Space, and other.

0416 (11) Information about the white space that
follows the token in the original text (in the case
where white Space base tokens are eliminated from
the base token stream, and information. about those
tokens is attached as attributes of the tokens that

precede them). These attributes may include fol
lowed by white space and not followed by white
Space (e.g., followed by punctuation or markup
language tags). White space that precedes all base
tokens in the Source text may be ignored, or design
erS may consider introducing Start-of-document and
end-of-document base tokens.

0417 (12) The region of the document in which it
appears. AS used herein, regions generally corre
spond to Segment functions. For newS data, regions
may include headline, byline, dateline, date, lead

(non-table), body (non-lead, non-table), table (in
lead or body), company (index term segment), and
other.

0418 (13) Token number in the sequence of tokens
that comprise the input text. Annotation values con
sist of integer Strings, as tokens are numbered from

1 to n (or 0 to n-1). This permits a recognition rule

to return the attribute value to the calling program.

0419 (14) Starting character position in the input
text. Annotation values consist of integer Strings, as

characters are numbered from 1 to n (or 0 to n-1).

This permits a recognition rule to return the attribute
value to the calling program.

0420 (15) Ending character position in the input
text. Annotation values consist of integer Strings, as

characters are numbered from 1 to n (or 0 to n-1).

This permits a recognition rule to return the attribute
value to the calling program.

0421 (16) Length in characters. This permits a
recognition rule to return the attribute value to the
calling program.

>=n, =n, <n, <=n, m. .n, and -=n, when testing an
annotation type that has a numerical value.
0424. When specifying literal values, users are able to

indicate wildcard characters (..), Superuniversal truncation
(), and optional characters (2). A wildcard character can

match any character. Superuniversal truncation means that
the term must match exactly anything up to the Superuni
Versal operator, and then anything after that operator is
assumed to match by default. An optional character is simply
a character that is not relevant to a particular test, e.g.,
word-final -S for Some nouns.

0425 Constituent attributes are those attributes that are
assigned to a pattern of one or more base tokens that
represent a single constituent. A proper name, a basal noun
phrase, a direct object and other common linguistic
attributes can consist of one or more base tokens, but RuBIE

pattern recognition rules treat Such a pattern as a single
constituent. If for example the name
0426 Mark David Benson
0427 has been identified as a proper name AND a noun
phrase AND a Subject, Simply Specifying one of these
attributes in Some Statement would result in the matching of
all three base tokens that comprise the constituent.
0428 The emphasis for constituent attributes is on rec
ognizing valid constituents. Examples of constituent
attributes include, but are not limited to, the following:
Company; Person; Organization; Place; Job Title; Citation;
Monetary Amount; Basal Noun Phrase; Maximal Noun
Phrase; Verb Group; Verb Phrase; Subject; Verb; Object;
Employment Change Action Description Term; and Election

Activity Descriptive Term (MDW just making the fonts
and notation we use for attributes more consistent). In Some
instances, the “pattern' may consist of a Single base token.
The RuBIE pattern recognition language has the ability to

recognize non-contiguous (i.e., tree-structured) constituents
via XPath in addition to the true left-right sequences on
which the regular expression component of the RuBIE
pattern recognition language focuses.
0429 Annotations are defined and assigned robustly by
the RuBIE pattern recognition language. No Sort of taxo
nomical inheritance is assumed; otherwise a pattern recog
nition rule would have to draw information from Sources in

addition to the XML-based annotation representation.
0430. In most respects, a constituent attribute generally
behaves like a token attribute in patterns. The RuBIE pattern
recognition language includes the following constituent
attributes:

0431 (1) The RuBIE pattern recognition allows the

user to identify Some patterns of tokens as Single
constituents that consist of one or more Sequential
tokens.

0432 (2) The RuBIE pattern recognition allows
annotations to be assigned to constituents.
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0433 (3) When a pattern token is identified in a
recognition pattern, it is treated as a single constitu
ent regardless of how many base tokens comprise it.

0434 (4) The RuBIE pattern recognition allows the
user to test a constituent for a specific annotation
type.

constituent.

0436 (6) Two constituents that have at least one
base token in common do not necessarily have to
have all base tokens in common.

0437 (7) It is possible to test a constituent for a
company name annotation type.

(8) It is ppossible to test a constituent for a

perSon name annotation type.

0439 (9) It is possible to test a constituent for an
organization name annotation type.

0440 (10) It is possible to test a constituent for a city
name annotation type.

0441 (11) It is possible to test a constituent for
county name annotation type.

0442 (12) It is possible to test a constituent for
State or province name annotation type.

0443

noun phrase “Has Number annotation type.

0458 (28) It is possible to test a constituent for
Subject annotation type.

0459 (29) It is possible to test a constituent for
verb group annotation type.

0435 (5) Base tokens may be part of more than one

0438

0457 (27) It is possible to test a constituent for

(13) It is ppossible to test a constituent for

geographic region name annotation type.

0444 (14) It is possible to test a constituent for
country name annotation type.

04:45 (15) It is possible to test a constituent for
phone number annotation type.

0446 (16) It is possible to test a constituent for
Street address annotation type.

0447 (17) It is possible to test a constituent for a zip
code annotation type.

0448 (18) It is possible to test a constituent for
case citation annotation type.

0449 (19) It is possible to test a constituent for
Statute citation annotation type.

0450 (20) It is possible to test a constituent for
money amount annotation type.

0451 (21) It is possible to test a constituent for
Sentence annotation type.

0452 (22) It is possible to test a constituent for
clause annotation type.

0453 (23) It is possible to test a constituent for
paragraph annotation type.

0460 (30) It is possible to test a constituent for
direct object annotation type.

0461 (31) It is possible to test a constituent for
negated annotation type.

0462 (32) It is possible to test a constituent for
perSon attribute.

0463 (33) It is possible to test a constituent for an
animate (living thing, perhaps at one time) attribute.
0464 (34) It is possible to test a constituent for an
inanimate attribute.

0465 (35) It is possible to test for the presence of a
token regardless of its other annotations. All tokens
can be treated as if they have a “present” attribute.

0466 (36) It is possible to introduce new constitu

ent-based annotation type tests through general
annotatorS.

0467 (37) It is possible to introduce new constitu
ent-based annotation type tests through one or more
dictionaries.

0468 Regular expressions are powerful tools for identi
fying patterns in text when all of the necessary infonnation
is located Sequentially in the text. Natural language, how
ever, does not always cooperate. A Subject and its corre
sponding object may be separated by a verb. A pronoun and
the perSon it refers to may be separated by paragraphs of
text. And yet it is these relationships that are often the more
interesting ones from a fact extraction perspective.
0469 There are a number of approaches for storing
relationship information. One common approach uses a
direct link between the related items. Adding a common
identifier to both related items is another way of accom
plishing this. The Penn Tools used this to support shifts from
one location to the Start of a related constituent; this was

accomplished using positional triples that identified the
beginning and end positions of the Starting point constituent
and the position immediately in front of the related token to
which pattern recognition was to shift. From anywhere in a
verb phrase, for example, one can shift the recognition
process to a point just before the main verb in that phrase.
From the Subject, one can shift the recognition process to a
point just before the Start of the corresponding verb group.
0470. In the RuBIE pattern recognition language, the
pattern recognition proceSS can be shifted directly between
two related constituents. The RuBIE pattern recognition
language Supports the following relationship shifts:

0454 (24) It is possible to test a constituent for

0471 (1) It is possible to shift recognition from

0455 (25) It is possible to test a constituent for

anywhere within a noun phrase to the Start of the
noun phrase.

basal noun phrase annotation type.

maximal noun phrase annotation type.

0456 (26) It is possible to test a constituent for
time annotation type.

0472 (2) It is possible to shift recognition from
anywhere within a verb group to the start of the verb
grOup.
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0473 (3) It is possible to shift recognition from

anywhere within a subject to the start of the verb
group that governs the Subject.

0474 (4) It is possible to shift recognition from
anywhere within a verb group to the start of the
Subject governed by that verb group.

0475 (5) It is possible to shift recognition from

anywhere within a verb group to the start of the
object governed by that verb group.

0476 (6) It is possible to shift recognition from
anywhere within an object to the start of the verb
group that governs the object.

0477 (7) It is possible to shift recognition from
anywhere within a Sentence to the Start of the gov
erning verb group.

0478 (8) It is possible to shift recognition from
anywhere within a linguistic clause to the Start of the
verb group that governs that clause.

0479 (9) It is possible to shift recognition from
anywhere within a text to the left by some specified
number of base tokens, except when there are not
enough tokens to the left.

0480 (10) It is possible to shift recognition from

anywhere within a text to the right by Some specified
number of base tokens, except when there are not
enough tokens to the right.

0481 (11) It is possible to shift recognition from

0488 (18) Users may add new annotations that
define other relationships between two constituents.
It is possible to define functionality that moves the
recognition process from within one of these con
Stituents to the Start of the other constituent, allowing
for the introduction of new shifts.

0489 For those shifts dependent on parse tree-based
Syntactic relationships-Such as Shifts between Subjects,
verbs, and objects in a Sentence or clause-the adopted shift
command takes arguments, specifically references to con
Stituent objects. Due to the nature of language, there can
often be more than one possible constituent that may fit the
prose description of the shift. For example, consider the
sentence John kissed Mary and dated Sue. There are two

verbs here, each with one Subject (John in both cases) and
one object (Mary and Sue respectively). This type of com

plexity adds Some ambiguity, e.g. deciding which verb to
shift to. The ability to use indirection and compound con
Stituent objects addresses this class of problems.
0490 The RuBIE pattern recognition language therefore
also include the following capabilities:

0491 (19) It is possible to pass references to con
stituents to RuBIE patterns.

0492 (20) It is possible to pass references to com
pound constituent objects to RuBIE patterns (e.g.,
linking the Subject “John” to both verbs “kissed” and
“dated'-not just the first verb-in the example

above).
0493 (21) It is possible to access the elements and

anywhere within a text to the start of the leftmost
base token matched by the most recent test in a
pattern recognition rule. This allows the same text to
be retested for Some other annotation or pattern of
annotations. For example, after verifying that the
Subject is represented by a noun phrase, one might
then want to test its components to extract any
adjectives as descriptors.

relationships found in a full parse tree.
0494 The RuBIE shifts allow a RuBIE pattern recogni
tion rule writer to shift the path of pattern recognition from
one part of a text to another. For many of the shifts, however,
there is a corresponding Shift to return the path of pattern
recognition back to where it was before the first shift

0482 (12) It is possible to shift recognition from

likely to occur. The RuBIE pattern recognition language
therefore also includes the following capabilities:

anywhere within a text to the start of the leftmost
base token matched by the most recent Scope as
indicated by brackets in the examples in this report.
This allows the same piece of text to be matched
more than once, perhaps to return different attributes
with it.

0483 (13) It is possible to shift recognition from
anywhere within a Sentence to the Start of that
Sentence.

0484 (14) It is possible to shift recognition from
anywhere within a Sentence to the end of that Sen
tence.

0485 (15) It is possible to shift recognition from
anywhere within a noun phrase to the Start of the
head noun in that noun phrase.

0486 (16) It is possible to shift recognition from
anywhere within a basal noun phrase to the Start of
the next (right) coreferring noun phrase.
0487 (17) It is possible to shift recognition from
anywhere within a basal noun phrase to the Start of
the previous (left) coreferring noun phrase.

occurred. A variation of the constituent attribute test could
account for a number of cases where Such shift-backs are

0495 (22) It is possible to test a syntactically related
constituent for the presence of an attribute without
shifting the path of pattern recognition back and
forth.

0496 This might be realized with a test that, for
constituent attributes, looks like,:

0497 % sequence-attribute-test(parse-tree-lo
catable-entity)
0498) as in
0499 % company(antecedent-of-pronoun)
0500 or for token attributes:
0501 % sequence-attribute-test(v, parse-tree
locatable-entity)
0502) as in
0503 % root(“kill”, verb-of-subject)
0504 where the percent sign is simply an arbi
trarily Selected character that indicates the type of
test that follows.
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0505 (23) It is possible to test a syntactically related

Because document retrieval and preparation and presenta
tion of extracted facts will vary depending on product
requirements, these functions are left to the product appli

nition back and forth (“nested tests”).
0506 Following is a walkthrough of an example RuBIE

cations that use the FEX tool set (the “FEX product”). FIG.

constituent recursively for the presence of an
attribute without shifting the path of pattern recog

pattern recognition rule that identifies a new hire and his or
her new job position as expressed in a passive Sentence. In
this case, the new hire is a person who is the patient of a hire
verb.
0507

The sentences targeted
byy the example
9.
p rule are:

0508 John Smith was hired as CEO of IBM Corl.
0509 IBM announced that John Smith was
appointed CEO.
0510) The example production RuBIE pattern recogni
tion rule using an alternate Syntax, named PassiveFactl, is as
follows:

PassiveFact1:

Ghireverb

( (agoUp(CLAUSE)atEl(“CLAUSE", "passive=t”)
goFromTo(“CLAUSE, pat”,”,”id)
<NewHires(agoDN(PERSON)</NewHires)
GgoDN(T)
<Position>atEl(“*”,”ntype=position')</Position>

5 is a diagrammatic illustration of a first Scenario in which
a FEX product “A” creates a database with the facts
extracted from a document “A” by the FEX too set and

provides an entirely new customer interface (UI) to present
these facts from the database. In the first Scenario, the

original document “A” remains untouched both by the FEX
tool set and by the FEX product
0517 FIG. 6 is a diagrammatic illustration of a second
scenario in which an FEX product “B” actually updates an
original document “B” with the extracted facts metadata and
leverages the existing customer interface-possibly
updated-to present the facts. The Second Scenario allows
for the existing Search technology to access the facts,
requiring no new retrieval mechanism.
0518 FIG. 7 is a diagrammatic illustration of the FEX
tool set architecture. In the present embodiment, the FEX
tool set has a Windows NT client-server architecture, using
Java(E) and ActiveState(R) Perl T.M. Windows NT was chosen

because it is a Standard operating environment and because

the primary annotator (a linguistic parser called EngPars)

currently runs exclusively on the Windows architecture.
Java(E), implemented with IBM Visual Age for Java(E), is
used primarily because of its graphical user interface devel

opment environment (GUI-DE), since it is a LexisNexis(R)-

0511) The rule first looks for a “hire” verb. In this case,
an auxiliary definition was created so that Ghireverb will
match a verb whose stem is “hire”, “name”, “appoint',
“promote', or Some Similar word.
0512. Once such a verb is found, the rule goes up the tree
to the nearest clause node and Verifies that the clause

contains a passive verb. If it is true that the clause contains
a passive verb, the rule goes back down into the clause to
find the patient of the clause verb. The patient of a verb is
the object affected by the action of the verb, in this case the
perSon being hired. In a passive Sentence, the patient is
typically the grammatical Subject of the clause. Within the
patient, the rule then looks for a specific Person as opposed
to Some descriptive phrase. If an actual perSon name is found
as the patient of a hire verb, the rule can then mark it up with
the XML tags <NewHires and </NewHire>.
0513 Finally, the rule tests other items in the clause until
it finds a constituent that has the attribute position assigned
to it. A dictionary of candidate job positions of interest is
used to assign this attribute to the text. If a valid position is
found, it can be marked up with the XML tags <Position>
and </Position>.

0514. The entire rule must succeed for the marking up of
the text with both the <NewHire> and <Position> tags to
take place.
0515. The FEX tool set system architecture and design
will now be described.

0516. The FEX tool set is not itself a free-standing
“application', in the Sense that it does not, for example,
provide functionality to retrieve documents for extraction or
to Store the extracted facts in any persistent Store. Rather, the
FEX tool Set typically exists as part of a larger application.

internal Standard and provides Strong portability and Scal
ability. ActiveState(R) PerlTM is used to implement some of
the text-processing tasks, Since Perl" is also portable, and
Since it has Strong regular expression handling and general
text-processing capability. It will be appreciated by those of
skill in the art that other architectures that provide equivalent
functionality can be used.
0519. The major hardware components in the FEX tool
set are the FEX client and the FEX server. In the present
embodiment, the client for the FEX tool set is a “thin'
Java(E)-based Windows NTE) WorkStation or Windows

98/2000(R) system. The FEX server is a Windows NT Server
System, a web server that provides the main functionality of
the FEX tool set. Functionality is made available to the
client via a standard HTTP interface, which can include

SOAP (“Simple Object Access Protocol”, an HTTP protocol
that uses XML for packaging).
0520 While this architecture allows for true client-server
interaction, it also allows for a reasonable migration to a
Single-machine Solution, in which both the client and Server
parts are installed on the same WorkStation.
0521 FIG. 8 is a high level diagram of the processing
flow of the FEX tool set using the architecture shown in

FIG. 7. The users interface to the FEX tool Set is the FEX

GUI-DE on the FEX Workstation. Within GUI-DE, the user

opens or creates a FEX Workspace to store his or her product
application work. The user Selects the appropriate annotators
and may use available client Annotator Development Tools

(not part of the FEX tool set) to troubleshoot and tune the

FEX Annotators for the application. When satisfied with the
results from the development tools, the user Saves the
annotation Settings to the Annotation Configuration in his or
her WorkSpace. The user may then request Annotation Pro

cessing to run the relevant FEX Annotators (such as Some
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lexical lookup tool or natural language parser) and Align

3. The fact extraction tool set of claim 2, wherein the

Annotation results on the FEX Server. From these results,

means for assigning Syntactic and Semantic attributes to a
text passage comprises means for breaking the text passage
into its base tokens and annotating the base tokens and
patterns of base tokens with a number of orthographic,
Syntactic, Semantic, pragmatic and dictionary-based

the user can further tune the Annotation Configuration, if
neceSSary.

0522 The FEX GUI-DE provides the user interface to the
FEX tool set. The user uses editing tools in the FEX GUI-DE
to create and maintain Notation Configuration information,

RuBIE annotation files (Scripts), and possibly other annota

tion files like dictionaries or annotator parameter informa
tion. The FEX GUI-DE also allows the user to create and

maintain WorkSpaces, in which the user Stores annotation
configurations, RuBIE application files, and other files for
each logical work grouping. The user also uses the FEX
GUI-DE to start annotation and RuBIE processing on the
FEX Server and to “move up' files into production space on
the network.

0523. Once satisfied with the annotation results, the user
writes a RuBIE application file in GUI-DE to define the
patterns and relationships to extract from these annotations,
and saves the file to the FEX Workspace. The user can then
compile the RuBIE application file on the FEX Server and
apply it against the annotations to extract the targeted facts.
The user can then inspect the facts to troubleshoot and
further tune the Script or re-visit the annotations.
0524. When the user is satisfied with the performance of
the Annotation Configuration and the RuBIE application
file, the resulting extracted facts become available for use by
the product application.
0525) The primary FEX annotators preferably run on the
FEX Server, Since annotators can be very processor- and
memory-intensive. It is these annotators that are actually run
by FEX when documents are processed for facts, based on
parameters provided by the user. Some FEX annotators may
also reside in some form independently on the FEX client.
0526 Modifications and variations of the above-de
Scribed embodiments of the present invention are possible,
as appreciated by those skilled in the art in light of the above
teachings. For example, additional attributes may be intro
duced that can be exploited by the RuBIE pattern recogni
tion language, Such as the results of a Semantic disambigu
ation process. Additional discourse processing may be used
to identify additional related non-contiguous tokens, Such as
robust coreference resolution. Information extraction appli
cation-Specific annotators may also be introduced. A phar
maceutical information extraction application, for example,
may require annotators that recognize and classify gene
names, drug names and chemical compounds. It is therefore
to be understood that, within the Scope of the appended
claims and their equivalents, the invention may be practiced
otherwise than as Specifically described.

attributes.

4. The fact extraction tool set of claim 3, wherein the

attributes include tokenization, text normalization, part of
Speech tags, Sentence boundaries, parse trees, Semantic
attribute tagging and other interesting attributes of the text.
5. The fact extraction tool set of claim 2, wherein the

means for assigning Syntactic and Semantic attributes to a
text passage comprises independent annotators.
6. The fact extraction tool set of claim 5, wherein the

independent annotators use XML as a basis for representing
annotated text.

7. The fact extraction tool set of claim 6, further com

prising means for resolving conflicting annotation bound
aries in the annotated text to produce well-formed XML
from the results of independent annotators.
8. The fact extraction tool set of claim 3, wherein the

means for breaking the text passage into its base tokens and
annotating the base tokens and patterns of base tokens
comprises independent annotators, wherein the annotators
are of three types comprising:
token attributes, which have a one-per-base-token align
ment, where for the attribute type represented, there is
an attempt to assign an attribute to each base token;
constituent attributes assigned yes-no values to patterns of
base tokens, where the entire pattern is considered to be
a single constituent with respect to Some annotation
value; and

links, which assign common identifiers to coreferring and
other related patterns of base tokens.
9. The fact extraction tool set of claim 3, wherein the

means for annotating a text further comprises means for
asSociating all annotations assigned to a particular piece of
text with the base tokens for that text to generate aligned
annotations.

10. The fact extraction tool set of claim 9, wherein the

means for extracting facts comprises means for identifying
and extracting potentially interesting pieces of information
in the aligned annotations by finding patterns in the
attributes Stored by the annotators.
11. The fact extraction tool set of claim 10, wherein the

means for identifying and extracting potentially interesting
pieces of information comprises means for recognizing both
true left and right constituent attributes and non-contiguous
constituent attributes.

12. The fact extraction tool set of claim 10, wherein the

We claim:

1. A fact extraction tool Set for extracting information
from a document, comprising:
means for annotating a text, and
means for extracting facts from the annotated text.
2. The fact extraction tool set of claim 1, wherein the

means for annotating a text comprises means for assigning
Syntactic and Semantic attributes to a text passage by at least
one of parsing the text passage and applying text annotation
processes other than parsing the text passage.

means for identifying and extracting potentially interesting
pieces of information comprises at least one text pattern
recognition rule written in a rule-based information extrac
tion language, wherein the at least one text pattern recog
nition rule queries for at least one of literal text, attributes,
and relationships found in the aligned annotations to define
the facts to be extracted.

13. The fact extraction tool set of claim 12, wherein the

at least one text pattern recognition rule can use regular
expression functionality, XPath-based functionality, and
auxiliary definitions in any combination.
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14. The fact extraction tool set of claim 12, wherein the

at least one text pattern recognition rule comprises a pattern
that describes the text of interest, a label that names the

pattern for testing and debugging purposes, and an action
that indicates what should be done in response to a Success
ful match.

15. The fact extraction tool set of claim 12, wherein the

means for identifying and extracting potentially interesting
pieces of information further comprises at least one auxiliary
definition Statement used to name and define a fragment of
a pattern.

16. A rule-based information extraction language for use
in identifying and extracting potentially interesting pieces of
information in aligned annotations in a text, comprising at
least one text pattern recognition rule that queries for at least
one of literal text, attributes, and relationships found in the
aligned annotations to define the facts to be extracted.
17. The language of claim 16, wherein the at least one text
pattern recognition rule can use regular expression function
ality, XPath-based functionality, and auxiliary definitions in
any combination.
18. The language of claim 16, wherein the at least one text
pattern recognition rule comprises a pattern that describes
the text of interest, a label that names the pattern for testing
and debugging purposes, and an action that indicates what
should be done in response to a Successful match.
19. The language of claim 16, further comprising at least
one auxiliary definition Statement used to name and define a
fragment of a pattern.
20. A text annotation tool comprising:
means for assigning Syntactic and Semantic attributes to a
text passage by at least one of parsing the text passage
and applying text annotation processes other than parS
ing the text passage, including means for breaking the
text passage into its base tokens and annotating the base
tokens and patterns of base tokens with a number of
Orthographic, Syntactic, Semantic, pragmatic and dic
tionary-based attributes, and
means for associating all annotations assigned to a par
ticular piece of text with the base tokens for that text to
generate aligned annotations.
21. The text annotation tool of claim 20, wherein the

attributes include tokenization, text normalization, part of
Speech tags, Sentence boundaries, parse trees, Semantic
attribute tagging and other interesting attributes of the text.
22. The text annotation tool of claim 20, wherein the

means for assigning Syntactic and Semantic attributes to a
text passage comprises independent annotators.
23. The text annotation tool of claim 22, wherein the

independent annotators use XML as a basis for representing
annotated text.

24. The text annotation tool of claim 23, further compris
ing means for resolving conflicting annotation boundaries in
the annotated text to produce well-formed XML from the
results of independent annotators.
25. The text annotation tool of claim 20, wherein the

means for breaking the text passage into its base tokens and
annotating the base tokens and patterns of base tokens
comprises independent annotators, wherein the annotators
are of three types comprising:
token attributes, which have a one-per-base-token align
ment, where for the attribute type represented, there is
an attempt to assign an attribute to each base token;

constituent attributes assigned yes-no values to patterns of
base tokens, where the entire pattern is considered to be
a single constituent with respect to Some annotation
value; and

links, which assign common identifiers to coreferring and
other related patterns of base tokens.
26. A computer program product for extracting informa
tion from a document, the computer program product com
prising a computer usable Storage medium having computer
readable program code means embodied in the medium, the
computer readable program code means comprising:
computer readable program code means for annotating a
text, and

computer readable program code means for extracting
facts from the annotated text.

27. The computer program product of claim 26, wherein
the computer readable program code means for annotating a
text comprises computer readable program code means for
assigning Syntactic and Semantic attributes to a text passage
by at least one of parsing the text passage and applying text
annotation processes other than parsing the text passage.
28. The computer program product of claim 27, wherein
the computer readable program code means for assigning
Syntactic and Semantic attributes to a text passage comprises
computer readable program code means for breaking the text
passage into its base tokens and annotating the base tokens
and patterns of base tokens with a number of orthographic,
Syntactic, Semantic, pragmatic and dictionary-based
attributes.

29. The computer program product of claim 28, wherein
the attributes include tokenization, text normalization, part
of Speech tags, Sentence boundaries, parse trees, Semantic
attribute tagging and other interesting attributes of the text.
30. The computer program product of claim 27, wherein
the computer readable program code means for assigning
Syntactic and Semantic attributes to a text passage comprises
independent annotators.
31. The computer program product of claim 30, wherein
the independent annotators use XML as a basis for repre
Senting annotated text.
32. The computer program product of claim 31, further
comprising computer readable program code means for
resolving conflicting annotation boundaries in the annotated
text to produce well-formed XML from the results of
independent annotators.
33. The computer program product of claim 28, wherein
the computer readable program code means for breaking the
text passage into its base tokens and annotating the base
tokens and patterns of base tokens comprises individual
annotators, wherein the annotators are of three types com
prising:
token attributes, which have a one-per-base-token align
ment, where for the attribute type represented, there is
an attempt to assign an attribute to each base token;
constituent attributes assigned yes-no values to patterns of
base tokens, where the entire pattern is considered to be
a single constituent with respect to Some annotation
value; and

links, which assign common identifiers to coreferring and
other related patterns of base tokens.
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34. The computer program product of claim 28, wherein
the computer readable program code means for annotating a
text further comprises computer readable program code
means for associating all annotations assigned to a particular
piece of text with the base tokens for that text to generate
aligned annotations.
35. The computer program product of claim 34, wherein
the computer readable program code means for extracting
facts comprises computer readable program code means for
identifying and extracting potentially interesting pieces of
information in the aligned annotations by finding patterns in
the attributes stored by the annotators.
36. The computer program product of claim 35, wherein
the computer readable program code means for identifying
and extracting potentially interesting pieces of information
further comprises computer readable program code means
for recognizing both true left and right constituent attributes
and non-contiguous constituent attributes.
37. The computer program product of claim 35, wherein
the computer readable program code means for identifying
and extracting potentially interesting pieces of information
comprises at least one text pattern recognition rule written in
a rule-based information extraction language, wherein the at
least one text pattern recognition rule queries for at least one
of literal text, attributes, and relationships found in the
aligned annotations to define the facts to be extracted.
38. The computer program product of claim 37, wherein
the at least one text pattern recognition rule can use regular
expression functionality, XPath-based functionality, and
auxiliary definitions in any combination.
39. The computer program product of claim 37, wherein
the at least one text pattern recognition rule comprises a
pattern that describes the text of interest, a label that names
the pattern for testing and debugging purposes, and an action
that indicates what should be done in response to a Success
ful match.

40. The computer program product of claim 37, wherein
the computer readable program code means for identifying
and extracting potentially interesting pieces of information
further comprises at least one auxiliary definition Statement
used to name and define a fragment of a pattern.
41. A method of extracting information from a document,
comprising the Steps of:
annotating a text, and
extracting facts from the annotated text.
42. The method of claim 41, wherein the step of anno
tating a text comprises assigning Syntactic and Semantic
attributes to a text passage by at least one of parsing the text
passage and applying text annotation processes other than
parsing the text passage.
43. The method of claim 42, wherein the parsing of the
text passage comprises breaking it into its base tokens and
annotating the base tokens and patterns of base tokens with
a number of Orthographic, Syntactic, Semantic, pragmatic
and dictionary-based attributes.
44. The method of claim 43, wherein the attributes include

tokenization, text normalization, part of Speech tags, Sen

tence boundaries, parse trees, Semantic attribute tagging and
other interesting attributes of the text.
45. The method of claim 42, wherein the parsing of the
text passage is carried out by independent annotators.
46. The method of claim 45, wherein the individual

annotators use XML as a basis for representing annotated
teXt.

47. The method of claim 46, further comprising the step
of resolving conflicting annotation boundaries in the anno
tated text to produce well-formed XML from the results of
independent annotators.
48. The method of claim 43, wherein the step of breaking
the text passage into its base tokens and annotating the base
tokens and patterns of base tokens is carried out using
independent annotators, wherein the annotators are of three
types comprising:
token attributes, which have a one-per-base-token align
ment, where for the attribute type represented, there is
an attempt to assign an attribute to each base token;
constituent attributes assigned yes-no values to patterns of
base tokens, where the entire pattern is considered to be
a single constituent with respect to Some annotation
value; and

links, which assign common identifiers to coreferring and
other related patterns of base tokens.
49. The method of claim 43, wherein the step of anno
tating a text further comprises the Step of associating all
annotations assigned to a particular piece of text with the
base tokens for that text to generate aligned annotations.
50. The method of claim 49, wherein the step of extracting
facts comprises identifying and extracting potentially inter
esting pieces of information in the aligned annotations by
finding patterns in the attributes Stored by the annotators.
51. The method of claim 50, wherein the step of identi
fying and extracting potentially interesting pieces of infor
mation comprises recognizing both true left and right con
Stituent attributes and non-contiguous constituent attributes.
52. The method of claim 50, wherein the patterns are
found using at least one text pattern recognition rule written
in a rule-based information extraction language, wherein the
at least one text pattern recognition rule queries for at least
one of literal text, attributes, and relationships found in the
aligned annotations to define the facts to be extracted.
53. The method of claim 52, wherein the at least one text

patternmrecognition rule can use regular expression func
tionality, XPath-based functionality, and auxiliary defini
tions in any combination.

54. The method of claim 52, wherein the at least one text

pattern recognition rule describes the text of interest, names
the pattern for testing and debugging purposes, and indicates
what should be done in response to a Successful match.
55. The method of claim 52, wherein the patterns are
found further using at least one auxiliary definition State
ment used to name and define a fragment of a pattern.

