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EXTRACTION OF FACTS FROM TEXT 

[0001] Aportion 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 Of?ce 
patent ?le 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] De?nitions and abbreviations used herein are as 
folloWs: 

[0004] Action—an instruction concerning What to do With 
some matched text. 

[0005] Annotation Con?guration—a ?le that identi?es 
and orders the set of annotators that should be applied to 
some text for a speci?c 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 de?nition—in the RuBIE pattern recog 
nition language, a statement or shorthand notation used to 
name and de?ne a sub-pattern for use elseWhere. 

[0010] 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. 

[0011] Case-corrected—text in Which everything is loWer 
case except for named entities. 

[0012] Constituent—a base 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. 
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[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 
ti?es a pattern recognition rule or auxiliary de?nition. 

[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 ?nd de?ned 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 ?le. 

[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 ?le—a ?at text ?le 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 de?ned 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. 

[0025] Sub-pattern—any pattern fragment that is less than 
or equal to a full pattern. Sub-patterns are relevant from the 
perspective of auxiliary de?nition statements and from the 
perspective of scopes of actions. 

[0026] Tests—tests apply to constituents to verify either 
the value of a constituent or Whether a particular attribute 
has been assigned to that constituent. 
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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] 

[0035] 

I saW Mr. Mark D. Benson go aWay. 

into the annotated base token pattern: 

LCS CPS PER CPS UC PER 
Mr . Mark D 

CPS LCS 
Benson go 

LCS PER 

away . 

[0027] Text—in the context of a document search and 
retrieval application such as LexisNexis®, 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. 

[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: 

UC LCS 
I saW 

TITLE PER CPS UC PER 
Mr . Mark D 

CPS LCS LCS PER 
Benson go aWay . 

[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. 

[0031] Prior art pattern recognition languages and tools 
include lex, SRA’s NetOWl® 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 
speci?c 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 

[0038] Aparser grammar Was then used to ?nd 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 speci?ed attributes. 

[0039] For example, a regular expression rule to recogniZe 
people names in annotated text might look like the folloW 
ing: 

(TITLE (PER)?)‘J (CPS | UCS) (UC (PER)? | CPS | UCS)? 
(CPS | UCS) 

[0040] This rule ?rst looks for TITLE attribute optionally 
(“2”) 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 ?nd Mr. Mark D. Benson in the 
above example sentences. It Will also ?nd 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 ?nd names like the following: 

[0047] Mark 

[0048] Benson 

[0049] George H. W. Bush 

[0050] 
[0051] 

[0052] 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. 

e. e. cummings 

Bill O’Reilly 

[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 ?nd What the 
user Wants, although some rules in a grammar may primarily 
function to exclude some text patterns from other rules. 

[0055] 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 identi?cation 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 
speci?c 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. 

[0058] What makes a text interesting is not that it contains 
just names, citations or other such special tokens, but that it 
also identi?es 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. 
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[0059] Consider the folloWing sentences: 

[0060] John kissed Mary. 

[0061] 
[0062] 
[0063] 
[0064] 
[0065] 

[0066] 
[0067] Mary Was minding her oWn business When 

John kissed her. 

Mary Was kissed by John. 

John only kissed Mary. 

John kissed only Mary. 

John, that devil, kissed Mary. 

John kissed an unsuspecting Mary. 

John snuck up behind Mary and 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 ?rst 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] Asystem that Would attempt to ?nd 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. 

[0083] 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. 

[0087] 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 de?ned 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. 
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[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 

[0095] Proper Noun 

[0096] Person Name 

[0097] Gender Female 

[0098] Noun Phrase 

[0099] Grammatical Object of Verb “Kiss” 

[0100] 

[0101] 

[0102] 
[0103] The tree representation of FIG. 1 can capture all of 
these attributes, as shoWn in FIG. 2. 

Patient of Verb “Kiss” 

Part of Verb Phrase “Kissed Mary” 

Part of Sentence “John Kissed Mary” 

[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 ( NounPhrase( ProperNoun( John ) ), 
VerbPhrase( Verb( kissed ), NounPhrase( 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( 
NounPhrase( 

ProperNoun( 
John ) ), 

VerbPhrase( 
Verb( 

kissed ), 
NounPhrase( 

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 HyperText Markup Language, is based on SGML and is 
used to publish hypertext documents on the World Wide 
Web. 

[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 
de?ning speci?c 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 de?ne a neWs docu 
ment markup, it can be used to de?ne 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>Y</X> 

[0113] The John kissed Mary example Would look like: 

<Sentence><NounPhrase><ProperNoun>John</ProperNoun> 
</NounPhrase><VerbPhrase><Verb >kissed</Verb> 
<NounPhrase><ProperNoun>Mary</ProperNoun> 
</NounPhrase></VerbPhrase></Sentence> 

[0114] or cosmetically printed as: 

<Sentence> 
<NounPhrase> 

<ProperNoun> 
John 

</ProperNoun> 
</NounPhrase> 
<VerbPhrase> 

<Verb> 
kissed 

</Verb> 
<NounPhrase> 

<ProperNoun> 
Mary 

</ProperNoun> 
</NounPhrase> 

</VerbPhrase> 
</Sentence> 

[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 
+Object, +Patient and Literal “Mary” Were added to the tree 
in FIG. 2, attributes can be associated With XML elements. 

May 19, 2005 

Attributes in XML provide additional information about the 
element or the contents of that element. 

[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: 

<ProperNoun LITERAL=“Mary” NUM=“SINGULAR” 
ORTHO=“CPS” 
TYPE=“ALPHA” PERSON=“True” 
GENDER=“Female">Mary</ProperNoun> 

[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 ?le that describes hoW to display an 
XML document of a given type. 

[0121] XSL Transformations (XSLT) is a language for 
transforming XML documents, such as for generating an 
HTML Web page from XML data. 

[0122] XPath is a language used to identify particular parts 
of XML documents. XPath lets users Write expressions that 
refer to elements and attributes. XPath indicates nodes in the 
tree by their position, relative position, type, content, and 
other criteria. XSLT uses XPath expressions to match and 
select speci?c 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. 
[0124] 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 identi?cation 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. 

[0125] 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 
mistakes. Instead, their mistakes can be in con?ict With one 
another. 
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[0126] For example, a named entity recognizer that uses 
capitalization might incorrectly include the capitalized ?rst 
Word of a sentence as part of a name, Whereas a part of 
speech tagger that relies heavily on term dictionaries may 
keep that ?rst Word separate. E.g., 

Original text: Did Bill go to the store? 
Named entity: [ Person] 
Part of Speech: [AUX][ProperNoun] 

[0127] This can be an even bigger problem if tWo anno 
tators con?ict in their results at both the beginning and the 
end of the annotated text string. For example, for the text 
stringAB C D E, assign tag X toAB C andYto C D 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> 

[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 
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 
XML-based applications, because the text and their 
attributes are created through guidance from valid document 
type de?nitions (DTDs). Because it is possible to incorpo 
rate annotators that Were not designed to some common 

DTD, annotators can produce con?icting 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® Extrac 
tor, Inxight Thing?nderTM, 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 ?nd 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 
sions. 

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

[0134] 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. 

[0136] It is still another object of the present invention to 
provide a method that resolves con?icting, or crossed, 
annotation boundaries in annotations generated by indepen 
dent, individual annotators to produce Well-formed XML. 

[0137] These and other objects are achieved by the pro 
vision of a fact extraction tool set (“FEX”) that extracts 
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 con?icting 
(crossed) annotation boundaries in an annotated text to 
produce Well-formed XML from the results of the individual 
FEX Annotators. 

[0138] 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. 

[0139] 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-de?ned “Annotation Con?guration.” 
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 
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 

[0141] Within the Annotation Con?guration, appropriate 
FEX Annotators are identi?ed 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 ?nding patterns in the attributes stored by the 
annotators. To ?nd these patterns and extract the interesting 
facts, the user creates a RuBIE annotation ?le using a 
Rule-Based Information Extraction language (“the RuBIE 
pattern recognition language”) to Write pattern recognition 
and extraction rules. This ?le queries for literal text, 
attributes, or relationships found in the annotations. It is 
these queries that actually de?ne the facts to be extracted. 
The RuBIE annotation ?le 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 speci?cation 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 ?gures, 
in Which like reference numerals refer to like elements 
throughout, and in Which: 

[0145] 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 con?ict 
ing boundaries (or nesting) to the text string A B C D E. 

[0149] FIG. 5 is a diagrammatic illustration of a ?rst 
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. 

[0152] FIG. 8 is a high level How diagram for the pro 
cessing How of the FEX tool set using the architecture 
shoWn in FIG. 7. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0153] In describing preferred embodiments of the present 
invention illustrated in the draWings, speci?c terminology is 
employed for the sake of clarity. HoWever, the invention is 
not intended to be limited to the speci?c terminology so 
selected, and it is to be understood that each speci?c 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. 

[0155] 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 de?ned 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 con?icting (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. 

[0160] The FEX Annotation Process includes the manage 
ment of annotation con?guration information, the actual 
running of the annotators, and the alignment of the resulting 
annotations. 
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[0161] In general, a text is annotated by ?rst 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 
annotate the base tokens of a text include, but are not limited 
to part of speech tags, literal values, morphological roots, 
and orthographic properties (e.g., capitaliZed, upper case, 
loWer case strings). More speci?cally, examples of these 
attributes include, but are not limited to: 

[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) Speci?c part of speech, such as Noun, 
Verb, Article, Adjective, Adverb, Pronoun, etc.; 

[0166] (5) In?ectional 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) In?ectional morphological attributes, e.g., 
test Whether a noun is singular or plural, or test 
Whether a verb agrees With the grammatical subject 
on ?rst 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; 

0175 14 S ntactic roles such as sub'ect, verb, verb y J 
group, direct object, negated constituent; 

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

[0177] (16) Noun phrase contains a number; 

[0178] (17) Noun phrase is a person; 

[0179] (18) Noun phrase is animate or inanimate; and 

[0180] (19) The token simply is present. 

May 19, 2005 

[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 
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 
structure representation (“representation” referring here to 
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 PBX tool set (“the 
PBX 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® are commercially available 
tools that support named entity and event recognition and 
classi?cation, 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 PBX Annotators 
through annotation con?guration ?les, Which are created and 
maintained by the user in a graphical user interface devel 
opment environment (GUI-DE) provided by the PBX tool 
set. Within the annotation con?guration ?les, the user lists 
the PBX Annotators that the user Wishes to run on his or her 

?les, 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. 
[0184] Based on the annotation con?guration, the PBX 
tool set runs the chosen annotators against the input docu 
ments. Generally, the ?rst 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): 

EXAMPLE (a) 

[0187] 

<!DOCTYPE doc ><doc> 
<SENTENCE> ssss 

<ADJP> 

[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] 

[0190] 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 de?ned 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: 
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(OTHER <!DOCTYPE doc >) 
(START <doc> nesting—level=‘1’) 
(START <SENTENCE> nesting—level=‘2’) 
(OTHER ssss ) 
(START <ADJP> nesting—level=‘5’) 
(OTHER m1‘) 
(START <CLAUSE> nesting—level=‘3’) 
(OTHER cccc) 
(START <NP> nesting—level=‘4’) 
(OTHER nnnn) 
(END </ADJP> nesting—level=‘5’) 

(END </CLAUSE> nesting—level=‘3’) 
(END </SENTENCE> nesting—level=‘2’) 
(END </doc> nesting—level=‘1’) 

[0191] Step 2: Set INDEX at the ?rst 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 “</doc>” matches the START-TAG “<doc>.” 
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 

[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: 

(OTHER <!DOCTYPE doc >) 
(START <doc> nesting—level=‘1’) 
(START <SENTENCE> nesting—level=‘2’) 
(OTHER ssss ) 
(START <ADJP> nesting—level=‘5’) 
(OTHER m1‘) 
(START <CLAUSE> nesting—level=‘3’) 
(OTHER cccc) 

TOS——> (START <NP> nesting—level=‘4’) 
(OTHER nnnn) 

INDEX ——> (END </ADJP> nesting—level=‘5’) 

(END </CLAUSE> nesting—level=‘3’) 
(END </SENTENCE> nesting—level=‘2’) 
(END </doc> 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 <CLAUSE> nesting—level=‘3’) 
(START <doc> nesting—level=‘1’) (OTHER cccc) 
(START <SENTENCE> nesting—level=‘2’) TOS——> (START <NP> nesting—level=‘2’) 
(OTHER ssss ) (OTHER nnnn) 
(START <ADJP> nesting—level=‘5’) INDEX-—> (END </ADJP> nesting—level=‘1’) 
(OTHER jjjj) (END </NP>) 

TOS——> (START <CLAUSE> nesting—level=‘3’) (END </CLAUSE> nesting—level=‘3’) 
(OTHER cccc) (END </SENTENCE> nesting—level=‘4’) 

INDEX-—> (END </ADJP> nesting—level=‘5’ SPID=‘2’) (END </doc> nesting—level=‘5’) 

[0198] This process Will recur until TOS and INDEX [0202] In this case We create a SPLART-TAG at TOS, and 
match, as in the continuing example: 

(OTHER <!DOCTYPE doc >) 
(START <doc> nesting—level=‘1’) 
(START <SENTENCE> nesting—level=‘2’) 
(OTHER ssss ) 

[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: 

(OTHER <!DOCTYPE doc>) 
(START <doc> nesting—level=‘1’) 
(START <SENTENCE> nesting—level=‘2’) 
(OTHER ssss ) 

(END </ADJP> nesting—level=‘5’ SPID=‘3’) 
(START <CLAUSE> nesting—level=‘3’) 
(START <ADJP> nesting—level=‘5’ SPID=‘2’) 
(OTHER cccc) 

TOS——> (START <NP> nesting—level=‘4’) 
(START <ADJP> nesting—level=‘5’ SPID=‘1’) 
(OTHER nnnn) 

INDEX ——> (END </ADJP> nesting—level=‘5’ SPID=‘1’) 

(END </CLAUSE> nesting—level=‘3’) 
(END </SENTENCE> nesting—level=‘2’) 
(END </doc> 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 <doc> nesting—level=‘5’) 
(START <SENTENCE> nesting—level=‘4’) 
(OTHER ssss ) 
(START <ADJP> nesting—level=‘1’) 
(OTHER jjjj) 

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 <doc> nesting—level=‘5’) 
(START <SENTENCE> nesting—level=‘4’) 
(OTHER ssss ) 
(START <ADJP> nesting—level=‘ 1 ’) 
(OTHER m1‘) 

TOS——> (START <CLAUSE> nesting—level=‘3’) 
(OTHER cccc) 
(START <NP> nesting—level=‘2’ SPID=‘1’) 
(OTHER nnnn) 
(END </NP>) 

INDEX-—> (END </ADJP> nesting—level=‘1’) 

(END </CLAUSE> nesting—level=‘3’) 
(END </SENTENCE> nesting—level=‘4’) 
(END </doc> 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 
ti?cation 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 ?nding patterns 
in the attributes stored by the FEX annotators. To ?nd these 
patterns and extract the interesting facts from the aligned 
annotations, the user creates a ?le in the GUI-DE using a 
Rule-Based Information Extraction language (“the FEX 
RuBIE pattern recognition language”). This ?le (“the RuBIE 
application ?le”) comprises a set of instructions for extract 
ing pieces of text from some text ?le. The RuBIE application 
?le 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 ?le are 
represented in RuBIE in tWo different types of rules or 
statements, (1) a pattern recognition rule or statement, and 
(2) an auxiliary de?nition statement. A RuBIE pattern rec 
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 ?les are ?at text ?les 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 ?les 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. 
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[0213] Apattern 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 
BOP = | logical OR 
BOP = <space> is followed by a.k.a. concatenation 

[0215] 

TABLE 2 

Unary Pre-operators 

Exemplary syntax Functionality 

UOPre = — complement 

[0216] 

TABLE 3 

Unary Post-operators 

Exemplary syntax Functionality 

UOPost = * 

UOPost = + 

UOPost = {mm} 

Zero closure 

positive closure 
repetition range speci?cation 

[0217] 

TABLE 4 

Shifts 

Exemplary syntax Functionality 

Shift = govtov verb group to start of verb group 
Shift = gonton noun phrase to start of noun phrase 
Shift = govtos verb group to start of subject 
Shift = gostov subject to start of verb group 
Shift = govtoo verb group to start of object 
Shift = gootov object to start of verb group 
Shift = gosntov sentence to start of verb group 
Shift = goctov clause to start of verb group 
Shift = goleftn left n tokens 
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TABLE 4-c0ntinued 

Exemplary syntax 

Shifts 

Functionality 

Shift = gorightn 

Shift = retest 

Shift = redo 

Shift = gosns 

Shift = gosne 

Shift = gonpton 

Shift = corefa 

Shift = corefc 

right n tokens 
leftmost base token tested 

leftmost base token in scope just 
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 

[0218] 

TABLE 5 

Exemplary syntax 

Constituent Attribute Tests 

Functionality 

T = present placeholder for When any token Will 
do 

T = Company company name 

T = Person person name 

T = Organization organization name 
T = City city name 
T = County county name 
T = State state name 

T = Region region name 
T = Country country name 
T = Phone phone number 
T = Address street address or address fragment 
T = Zipcode Zip code 
T = Case case citation 

T = Statute statute citation 

T = Money monetary amounts 
T = BasalNP basal noun phrase 

T = MaxNP maximal noun phrase 

T = Time time amount 

T = NPNum basal noun phrase that contains a 

number 
T = Subject subject 
T = VerbGp verb group 
T = DirObj direct object 
T = Negated negated 
T = Sentence sentence 

T = Paragraph paragraph 
T = EOF end of ?le, a.k.a. end of text 

input 
T = attribute attributes assigned using a system 

or user-de?ned phrase dictionary, 
Where attribute is some attribute 
de?ned by the system or dictionary 

[0219] 

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 
constituents. 

[0220] 
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TABLE 7 

Exemplary syntax 

Token Attribute Tests 

Functionality 

T(v) = literal 

T(v) = Word 

T(v) = token 

T(v) = POS 
T(v) = root 

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

T(v) = region 

T(v) = tokennum 
T(v) = startchar 

T(v) = endchar 
T(v) = length 
T(v) = DocID 

T(v) = attribute 

case-sensitive form of the base 
token string 
case-insensitive form of the base 
token string 
base level token orthographic 
attribute 
part of speech tag 
inflectional morphological root 
inflectional morphology attributes 
derivational morphology attributes 
representation of White space 
folloWing the token in the original 
text 

segment name or region in the 
document 
sequential number of token in text 
position of token’s ?rst character 
position of token’s last character 
character length of token 
document identi?cation number that 
includes the current base token 
attributes assigned using a system 
or user-de?ned Word dictionary 

[0221] 

TABLE 8 

Exemplary syntax 

Token attribute Test Values 

Functionality 

v = value 

v = >value 

v = <=value 

v = <value 

v = value..value 

v = —value 

speci?c character string or numeric 
value 
greater than the speci?ed character 
string or numeric value 
greater than or equal to the 
speci?ed character string or 
numeric value 
less than or equal to the speci?ed 
character string or numeric value 
less than the speci?ed character 
string or numeric value 
greater than or equal to the ?rst 
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 ?rst value 
not the character string or numeric 
value 

[0222] 

TABLE 9 

Exemplary syntax 

Auxiliary De?nition Patterns 

Functionality 

constituent attribute test 
token attribute test, single value 
token attribute test, multiple 
values 
grouping a sub-pattern for an 
operator) 
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TABLE 9-continued 

Auxiliary De?nition Patterns 

Exemplary syntax Functionality 

using binary operators in patterns 

using unary pre-operators in 
<AUXPAT> patterns 
<AUXPAT> = <AUXPAT> using unary post-operators in 
UOPost patterns 

[0223] 

TABLE 10 

Labels 

Exemplary syntax Functionality 

LAB EL uniqueialphanumericistring 

[0224] 

TABLE 11 

Auxiliary De?nitions 

Exemplary syntax Functionality 

<AUXPAT> 
de?ne an aux pattern and giving it 
a unique label 

[0225] 

TABLE 12 

Basic Patterns for Pattern recognition rules 

Exemplary syntax Functionality 

P = T constituent attribute test 

P = % T(s) constituent attribute test on a 

speci?ed, syntactically-related 
constituent 

P = T(v) token attribute test, single value 
P = T(v,...,v) token attribute test, multiple 

values 
P = <LABEL> using an auxiliary de?nition 
P = ( P ) grouping a sub-pattern for an 

operator 
P = P BOP P using binary operators in patterns 
P = UOPre P using unary pre-operators in 

patterns 
P = P UOPost using unary post-operators in 

patterns 
P = P shift+ P using shifts in patterns 

[0226] 

TABLE 13 

Actions 

Exemplary syntax Functionality 

A = 

#match(operands) 
extract the text and return name and 
attributes 

13 
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TABLE 13-continued 

Exemplary syntax 

Actions 

Functionality 

A = 

#matchS(operands) 

#matchP(operands) 

#matchn(operands) 

#return(message, A = #return(format, 

message, 

A = #blockS 

A = #blockP 

A = #blockD 

A = #musthaveS 

A = #musthaveP 

A = #musthaveD 

extract sentence that contains the 
text and return name and attributes 
extract paragraph that contains the 
text and return name and attributes 

extract the text and surrounding n 
tokens on both sides 
return the message(s) When text is 
matched 
return the message(s) When text is 
matched, formatted as indicated 
hide the matched text from all other 
pattern recognition rules 
hide the sentences that include the 
matched text from all other pattern 
recognition rules 
hide the paragraphs that include the 
matched text from all other pattern 
recognition rules 
hide the documents that include the 
matched text from all other pattern 
recognition rules 
only process sentences matched by 
the corresponding pattern or scope 
only process paragraphs matched by 
the corresponding pattern or scope 
only process documents matched by 
the corresponding pattern or scope 

[0227] 

TABLE 14 

Pattern recognition rules With Labels 
L,Patterns P and Actions A 

Exemplary syntax Functionality 

#LABEL: P A+ 

#LABEL: [ P ] A+ 

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

more explicitly delineated sub 
patterns 

[0228] One or more actions may be associated With a 
pattern or With one or more speci?ed 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 de?nition 
statement is used to name and de?ne 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 ?le. Auxiliary de?nitions 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 






























