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TECHNIQUES FOR KNOWLEDGE DISCOVERY BY CONSTRUCTING
KNOWLEDGE CORRELATIONS USING TERMS

A portion of the disclosure of this patent document contains material that 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 Patent and Trademark

Office patent file records, but otherwise reserves all copyright rights whatsoever.

Cross Reference To Related Applications

This application claims priority to provisional application Serial No. 60/627,772, filed
on November 12, 2004, entitled “Techniques and Apparatus for Information Correlation” the
contents of which are hereby incorporated into this application by reference in their entirety.

This application also claims priority to provisional application Serial No. 60/637,936,
filed on December 21, 2004, entitled “Techniques and Apparatus for Information
Correlation” the contents of which are hereby incorporated into this application by reference
in their entirety.

This application also claims priority to provisional application Serial No. 60/694,331,
filed on June 27, 2005, entitled “A Knowledge Correlation Search Engine” the contents of

which are hereby incorporated into this application by reference in their entirety.

Reference To Program Sequence Listing (CD-ROM)
This application contains a computer program listing on CD-ROM that is hereby

incorporated by reference in to the specification of this application in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention is directed to the field of information technology and more particularly
to techniques for knowledge discovery by constructing knowledge correlations using

concepts or terms.

Description of the prior art

A number of searching techniques are know in the prior art for identifying

information about various terms. These include search engines, search robots and the like.
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Typically, a search engine indexes each term of a body of text as to location so that when a
query term is submitted, the locations of those terms can be identified. The results of a
search engine search can be combined using Boolean logic with the results of searches of

other terms to more specifically focus the results to those that are desired.

BRIEF SUMMARY OF THE INVENTION

The 1979 Websters New Collegiate Dictionary contains the following definitions of
knowledge:

Knowledge...

(a)...(2) the fact or condition of knowing something with familiarity
gained through experience or association;

(b)...(2) the range of one’s information or understanding.

The invention describes techniques for identifying knowledge related to individual or
groups of terms. A user inputs one or more terms to be explored for additional knowledge.
A search is then undertaken across sources of information that contain resources having
information about or information associated with the input terms. When such a resource is
found, the information it contains is decomposed into nodes, which are a particular data
structure that stores elemental units of information. Resulting nodes are stored in a node
pool. The node pool is then used to contruct chains of nodes or correlations that link the
nodes into a knowledge bridge that documents the resulting information about or information

associated with the terms being explored.

Knowledge is acquired in accordance with the invention by expanding the range of
one’s information and understanding about information linkages that might not otherwise be

apparent. This knowledge is expressed in a formal way by linking nodes into a correlation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1A: is a flow chart diagram illustrating the user input, Discovery, and Acquisition
phases of the current invention.

FIGURE 1B: is a flowchart diagram illustrating the method of correlation.

FIGURE 1C: is a block diagram of Nodes in three parts and four parts.

FIGURE 2A: is a screen capture of the initial user-facing GUI component, which



WO 2006/053306 PCT/US2005/041233

illustrates the fields of interest for correlation.

FIGURE 2B: is a screen capture of the GUI component “Ask the Question” at the
moment all three stages of “Discovery”, “Acquisition”, and “Correlation”
have completed.

FIGURE 2C: illustrates correlations that have been found in the example embodiment of
the invention, and are displayed in a tabbed-pane format. This is called the
“Get The Answers” page.

FIGURE 2D: illustrates the GUI component that enables a user to save to disk.

FIGURE 2E: illustrates the GUI “RankXY” report which provides a relevancy measure
for all resources discovered in the Search phases of processing.

FIGURE 3A: illustrates an index type searchengine.

FIGURE 4A.: illustrates the generation of nodes from natural language English

sentences.

DETAILED DESCRIPTION

Figures 1A and 1B are flow charts of a process for constructing knowledge correlations in
accordance with the preferred embodiment of the invention. Figures 2A-2E are screen
captures of the GUI for the current invention.

In an example embodiment of the present invention as represented in Figure 1A, a
user enters at least one term via using a GUI interface. Figure 2A is a screen capture of the
GUI component intended to accept user input. Significant fields in the interface are “X
Term”, “Y Term” and “Tangents”. As described more hereinafter, the user’s entry of
between one and five terms or phrases has a significant effect on the behavior of the present
invention. In a preferred embodiment as shown in Figure 24, the user is required to provide
at least two input terms or phrases. Referring to FIGURE 1A, the user input 100, “GOLD” is
captured as a searchable term or phrase 110, by being entered into the “X Term” data entry
field of FIGURE 2A. The user input 100 “INFLATION” is captured as a searchable term or
phrase 110 by being entered into the “Y Term” data entry field of FIGURE 2A. Once
initiated by the user, a search 120 is undertaken to identify actual and potential sources for
information about the term or phrase of interest. Each actual and potential source is tested for

relevancy 125 to the term or phrase of interest. Among the sources searched are computer
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file systems, the Internet, Relational Databases, email repositories, instances of taxonomy,
and instances of ontology. Those sources found relevant are called resources 128. The
search 120 for relevant resources 128 is called “Discovery”. The information from each
resource 128 is decomposed 130 into digital information objects 138 called nodes. Referring
to FIGURE 1C, nodes 180A and 180B are data structures which contain and convey
meaning. Each node is self contained. A node requires nothing else to convey meaning.
Referring once again to FIGURE 1A, nodes 180A, 180B from resources 128 that are
successfully decomposed 130 are placed into a node pool 140. The node pool 140 is a logical
structure for data access and retrieval. The capture and decomposition of resources 128 into
nodes 180A, 180B is called “Acquisition”. A correlation 155 is then constructed using the
nodes 180A, 180B in the node pool 140, called member nodes. Referring to FIGURE 1B, the
correlation is started from one of the nodes in the node pool that explicitly contains the term
or phrase of interest. Such a node is called a term-node. When used as the first node in a
correlation, the term-node is called the origin 152 (source). The correlation is constructed in
the form of a chain (path) of nodes. The path begins at the origin node 152 (synonymously
referred to as path root). The path is extended by searching among node members 151 of the
node pool 140 for a member node 151 that can be associated with the origin node 152. If
such a node (qualified member 151H) is found, that qualified member node is chained to the
origin node 152, and designated as the current terminus of the path. The path is further
extended by means of the iterative association with and successive chaining of qualified
member nodes of the node pool to the successively designated current terminus of the path
until the qualified member node associated with and added to the current terminus of the path
is deemed the final terminus node (destination node 159), or until there are no further
qualified member nodes in the node pool. The association and chaining of the destination
node 159 as the final terminus of the path is called a success outcome (goal state), in which
case the path is thereafter referred to as a correlation 155, and such correlation 155 is
preserved. The condition of there being no further qualified member nodes in the node pool,
and therefore no acceptable destination node, is deemed a failure outcome (exhaustion), and
the path is discarded, and is not referred to as a correlation. A completed correlation 155
associates the origin node 152 with each of the other nodes in the correlation, and in
particular with the destination node 159 of the correlation. The name for this process is
“Correlation”. The correlation 155 thereby forms a knowledge bridge that spans and ties
together information from all sources identified in the search. The knowledge bridge is

discovered knowledge.
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Referring to FIGURE 2B, showing the GUI component “Ask the Question” at the
moment all three stages of “Discovery”, “Acquisition”, and “Correlation” have completed.
In the present invention, progress indicators for each stage of processing are provided.

Referring to FIGURE 2C, correlations have been found in the example embodiment
of the invention, and are displayed in a tabbed-pane format. The tabs to the left of the screen
are the origins 152 which have been successfully correlated to the destinations nodes 159
shown on the right side of the screen. Each successful correlation 155 is individually
displayed.

Referring to FIGURE 2D, the user is able, in the current invention to persist to disk
any correlations of particular merit. APPENDIX A: Report contains the full report generated
by this execution of the current invention.

Referring to FIGURE 2E, an additional report “RankXY” is provided to advise the
user which resources 128 were the most significant contributors to the correlations 155 that
were created in this execution of the present invention.

Users can input from one to five terms in one preferred embodiment, and the number
of terms input will dictate or affect the type of knowledge correlations that can be produced
as well as the “quality” as described more hereinafter of the correlations that can be
produced. Terms can be one word or phrases of two words. There are two correlation types
supported by the present invention:

1. “free association”, where, when given only a single term input by the user, a number
of origins in the form of nodes will be developed from that term, and the present
invention will attempt to build a knowledge bridge from each origin to each and every
of whatever number of potential destinations as can be found in the form of
destination nodes. The destinations are selected in at least two “halt correlation”
scenarios as more described hereinafter. In this type of correlation, the destination is

" not known a priori, and the benefit sought by the user is first, the unexpected and
novel associations of the origin with facts, ideas, concepts, or simply terms named or
suggested by the destinations, with a second benefit in that the path of association
from origin to destination suggests novel or innovative solutions, unexpected
influences, and previously unconsidered aspects on a problem or topic.

2. “connect the dots”, where, when given two terms input by the user, a number of
origins will be developed from that first term and a number of destinations will be
developed from that second term, and the present invention will attempt to build a

knowledge bridge from each and every origin to each and every destination. The
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correlation action is only considered a success if at least one origin can be linked by a
chain of association to at least one destination. The benefit sought by the user in this
instance is first in establishing that association from origin to destination, thereby
solving a “there exists” assertion, and as with all correlations, the knowledge and
insight imparted from the path of association from origin to destination as manifested
in a knowledge correlation.

When a third, fourth, or fifth term is input by a user, the benefit sought is to enrich or
shape the “search space” in the form of a node pool that is the well from which nodes are
drawn and correlations are constructed. In a preferred embodiment of the present invention,
the third, fourth, and fifth concept or term, when provided, provides a minimum benefit in
that the capture of additional resources increases the size and heterogeneity of the node pool
as search space, and thereby increases the potential for successful correlation using any given
origin. In a preferred use of the invention, the resources captured as a result of providing a
third, fourth and/or fifth term orthogonally extend the node pool as search space and
knowledge domain. For example, given an origin of “energy consumption”, and a destination
of “rap music”, a third, fourth and fifth input of “electronics”, “copyright”, and “culture”
would bring into the node pool information that might be expected to produce novel resulting
correlations. In this preferred usc; this extension is called enrichment, and the third, fourth
and fifth terms are called tangents. In another preferred use of the invention, providing well
chosen third, fourth and fifth terms permits the node pool as search space and knowledge
domain to be defined using Cartesian dimensions of topicality or semantics, juxtaposed with
the search space and knowledge domain generated from use of the first and/or second terms.
For example, given the origin “communications industry”, and the destination “future
profitability”, a third, fourth and fifth input of “economics”, “politics” and “regulation”
would bring into the node pool information that might be expected to effectively encompass
all material aspects with bearing on the question. Successful correlations are possible even if
there exists no union, intersection, or characteristic of adjacency between the search spaces
and knowledge domains created in the node pool.

For each term input by the user that is, for the first, second, third, fourth and fifth term
or phrase of interest, an independent search is conducted for sources of information on that
term or phrase. This involves traversing (searching) one or more of

(i) computer file systems
(ii) computer networks including the Internet

(iii) email repositories
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(iv) relational databases
(v) taxonomies

(vi) ontologies

in short, any repository of information that a computer can access.

The search differs for each type of repository. In one embodiment directed to
searching one or more computer file systems, search is conducted by navigating the file
system directory. The file system directory is a hierarchical structure used to locate all sub-
directories and files in a computer file system. The file system directory is constructed and
represented as a tree, which is a type of graph, where the vertices (nodes) of the graph are
sub-directories or files, and the edges of the graph are the paths from the directory root to
every sub-directory or file. Computers that may be searched in this way include individual
personal computers, individual computers on a network, network server computers, and
network file server computers. Network file servers are special typically high performance
computers which are dedicated to the task of supporting file persistence and retrieval
functions for a large group of users.

Computer file systems may hold actual and potential sources for information about
the term or phrase of interest which are stored as

(i) text (plain text) files.

(ii) Rich Text Format (RTF) (a standard developed by Microsoft, Inc.) files.

(iii) Extended Markup Language (XML) (a project of the World Wide Web Consortium)
files.

(iv) any dialect of markup language files, including, but not limited to: HyperText
Markup Language (HTML) and Extensible HyperText Markup Language
(XHTML™) (projects of the World Wide Web Consortium), RuleML (a project of
the RuleML Initiative), Standard Generalized Markup Language (SGML) (an
international standard), and Extensible Stylesheet Language (XSL) (a project of the
World Wide Web Consortium).

(v) Portable Document Format (PDF) (a proprietary format of Adobe, Inc.) files.

(vi) spreadsheet files e.g. XLS files used to store data by Excel (a spreadsheet software
product of Microsoft, Inc.).

(vii) MS WORD files e.g. DOC files used to store documents by MS WORD (a word
processing software product of Microsoft, Inc.).

(viii) presentation (slide) files e.g. PPT files used to store data by PowerPoint (a slide

show studio software product of Microsoft, Inc.)
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(ix) event-information capture log files, including, but not limited to: transaction logs,
telephone call records, employee timesheets, and computer system event logs.

When searching computer file systems, software robots sometimes called spiders (e.g.
Google Desktop Crawler, a product of Google, Inc.), or search bots can be dispatched to
identify actual and potential sources for information about the term or phrase of interest.
Spiders and robots are software programs that follow links in any graph-like structure such as
a file system directory to travel from directory to directory and file to file. The method
includes the steps of (a) providing the term or phrase of interest to the robot; (b) providing a
starting point on the file system directory for the robot to begin the search (usually the root);
(c) at each potential source visited by the robot, the robot performing a relevancy test,
discussed more hereinafter; (d) if the source is relevant, the robot will create or capture a URI
(Uniform Resource Identifier) or URL (Uniform Resource Locator) of the source, which is
then considered a resource; and (e) the robot returning to the method which dispatched the
robot, the robot delivering the captured URI or URL of the resource to the dispatching
method.

In an alternative embodiment, preferred for some uses, the robot designates itself a
first robot, and as the first robot clones a copy of itself, thereby creating an additional,
independent, clone robot. The first robot endows the clone robot with the URI or URI of the
relevant resource and directs the clone robot to return to the method which dispatched the
first robot. The clone robot delivers the captured URI or URL of the resource to the
dispatching method, while the first robot moves on to capture additional URIs and URLs.
Information specific to the relevant source in addition to the URI or URL of the relevant
source can be captured by the robot, including a detailed report on the basis and outcome of
the relevancy test used by the robot to select the relevant resource, the size in bytes of the
relevant source, and the format of the relevant source content.

Where the intent is to search the Internet, a web crawler robot (e.g. JSpider, a project
of JavaCoding.com) may be used. Such a robot follows links on the Internet to travel from
web site to web site and web page to web page. In one embodiment, the present invention
will search the World Wide Web (Internet) to identify actual and potential sources for
information about the term or phrase of interest which are published as web pages, including:

(i) text (plain text) files.
(ii) Rich Text Format (RTF) (a standard developed by Microsoft, Inc.) files.
(iii) Extended Markup Language (XML) (a project of the World Wide Web Consortium)
files.
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(iv) any dialect of markup language files, including, but not limited to: HyperText
Markup Language (HTML) and Extensible HyperText Markup Language
(XHTML™) (projects of the World Wide Web Consortium), RuleML (a project of
the RuleML Initiative), Standard Generalized Markup Language (SGML) (an
international standard), and Extensible Stylesheet Language (XSL) (a project of the
World Wide Web Consortium).

(v) Portable Document Format (PDF) (a proprietary format of Adobe, Inc.) files.

(vi) spreadsheet files e.g. XLS files used to store data by Excel (a spreadsheet software
product of Microsoft, Inc.).

(vii) MS WORD files e.g. DOC files used to store documents by MS WORD (a word
processing software product of Microsoft, Inc.).

(viii) presentation (slide) files e.g. PPT files used to store data by PowerPoint (a slide
show studio software product of Microsoft, Inc.)

(ix) event-information capture log files, including, but not limited to: transaction logs,
telephone call records, employee timesheets, and computer system event logs.

(x) blog pages;

Search engines are a preferred alternative used in the present invention to identify
actual and potential sources for information about the term or phrase of interest. Search
engines are server-based software products which use specific, sometimes proprietary means
to identify web pages relevant to a user’s query. The search engine typically returns to the
user a list of HTML links to the identified web pages. In this embodiment of the present
invention, a search engine is invoked programmatically. The term or phrase of interest is
programmatically entered as input to the search engine software. The list of HTML links
returned by the search engine provides a pre-qualified list of web pages that are considered
actual sources of information about the term or phrase of interest.

One type of search engine is limited to the function of an index engine. An index
engine is server-based software that searches the Internet, and every web page found is
decomposed into individual words or phrases. On the servers for the index engine, a database
of words called the index is maintained. Words discovered on a web page that are not in the
index are added to the index. For each word or phrase on the index, a list of web pages where
the word or phrase can be found is associated with the word or phrase. The word or phrase
acts as a key, and the list of web pages where the word can be found is the set of values
associated with the key. The list of HTML links returned by the index engine provides a list

of web pages which may be considered actual sources of information (resources) about the

10
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term or phrase of interest. The occurrence of a term or phrase of interest in a web page is the
least reliable relevancy test. An additional relevancy test applied to each source is highly
preferred.

For example, an index engine can be combined with a spider, where the search engine
dispatches one or more spiders to one or more of the web pages associated in the index
database with each term or concept of interest. The spider applies a more robust relevancy
test described more hereinafter to each web page. HTML links to those web pages found
relevant by the spider are returned and are considered actual sources of information
(resources) about the term or phrase of interest.

An improved implementation of a search engine utilizes all terms or phrases of
interest together as a query. When submitted to the search engine, the search engine captures
the query and persists the query in a database index. The index for queries is maintained by
the search engine as an additional index. When a web page found relevant by the robot is
reported to the search engine, the search engine not only reports the HTML link to the web
page, but uses the entire query as a key and stores the HTML link to the relevant web page as
a value associated with the query. HTML links to all pages found relevant to the query are
captured, and associated with the query in the search engine database. When a subsequent
query is received by the search engine, and that query exactly or approximately matches a
query already present in the search engine query index, the search engine will return the list
of HTML links associated with the query in the query database. The improved search engine
can return immediate results and will not have to dispatch a robot to subject any web page to
a relevancy test.

Another useful form of search engine is a meta-crawler. Meta-crawlers are server-
based software products which use proprietary means to identify web pages relevant to a
user’s query.A The meta-crawler typically programmatically invokes multiple search engines,
and retrieves the lists of HTML links to web pages identified as relevant by each search
engine. The meta-crawler then applies specific, sometimes proprietary means to compute
scores for relevancy for individual web pages based upon the explicit or implicit relevancy
score of each page as determined by a contributing search engine. The meta-crawler then
typically returns to the user a list of HTML links to the most relevant web pages, ranked in
order of relevancy. In one embodiment, the meta-crawler is invoked programmatically. The
term or phrase of interest is programmatically entered as input to the meta-crawler software.
The meta-crawler software in turn programmatically enters the term or phrase of interest to

each search engine the meta-crawler invokes. The list of links returned by the meta-crawler

11
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provides a pre-qualified list of web pages which are considered actual sources of information
about the term or phrase of interest.

Large amounts of significant unstructured data is stored in email repositories located
on individual personal computers, on each individual computer on a network, on network
server computers, and on network email server computers. Network email servers are special
typically high performance computers which are dedicated to the task of supporting email
functions for a large group of users. In constructing knowledge correlations, it is desirable, in
accordance with one aspect of the invention, to locate email messages and email attachments
relevant to a term or phrase of interest.

Email repositories are typically encapsulated and accessed through email management
software called email server software or email client software, with the server software
designed to support multiple users and the client software designed to support individual
users on personal computers and laptops. One embodiment of the present invention uses
JavaMail (Sun Microsystems email client API) along with a Local Store Provider for
JavaMail such as jmbox, a project of https://jmbox.dev java.net/ to programmatically access
and search the email messages stored in local repositories like Outlook Express (a product of
Microsoft, Inc), Mozilla (a product of mozilla,org), Netscape (a product of Netscape), etc. In
this embodiment, the accessed email messages are searched as text for terms or phrases of
interest using Java String comparison functions.

An alternative embodiment, preferred for some uses, utilizes an email parser. In this
embodiment, the email headers are stripped off and the from, to, subject, and message fields
of the email are searched for the term or phrase of interest. Email parsers of this type are part
of the UNIX operating system (procmail package), as well as numerous software libraries.

Repositories on email servers are often in proprietary form, but some provide an API
that will permit progriammatic access to and searching of email messages. One example of
such an email server is Apache James (a product of Apache.org). Another example is the
Oracle email Server API (a product of Oracle, Inc). Email messages accessed via the email
server repository management software API that are found to contain terms or phrases of
interest are considered resources.

With programmatic access to the email messages, most embodiments of the invention
will have access to the email message attachments. Where the attachments exist in
proprietary formats, a parsing utility such as a

(i) PDF-to-text conversion utility (e.g. PJ, a product of Etymon Systems, Inc.)
(i) RTF-to-text conversion utility (e.g. RTF-Parser-1.09, a product of Pete Sergeant)

12



WO 2006/053306 PCT/US2005/041233

(iii) MS Word-to-text parser (e.g. the Apache POI project, a product of Apache.org)
can be linked in and invoked to render the attachment into a searchable form. For email
servers that provide APIs, some further incorporate native format search utilities for
attachments. Email messages and email attachments can exist in numerous file formats,
including:
(i) text (plain text) file email attachments.

(ii) Extended Markup Language (XML) file email attachments.

(iii) any dialect of markup language, including, but not limited to: HyperText Markup
Language (HTML) and Extensible HyperText Markup Language (XHTML™)
(projects of the World Wide Web Consortium), RuleML (a project of the RuleML
Initiative), Standard Generalized Markup Language (SGML) (an international
standard), and Extensible Stylesheet Language (XSL) (a project of the World Wide
Web Consortium) file email attachments.

(iv) Portable Document Format (PDF) (a proprietary format of Adobe, Inc.) file email
attachments.

(v) Rich Text Format (RTF) (a standard developed by Microsoft, Inc.) file email
attachments.

(vi) spreadsheet “file email attachments e.g. XLS used to store data by Excel (a
spreadsheet software product of Microsoft, Inc.).

(vi) MS DOC file email attachments e.g. DOC files used to store documents by MS
WORD (a word processing software product of Microsoft, Inc.)

(viii) event—information capture log file email attachments, including, but not limited to:
transaction logs, telephone call records, employee timesheets, and computer system
event logs.

Relational databases (RDB) are well known means of storing and retrieving data,
based upon the relational algebra invented by Codd and Date. Relational databases are
typically implemented using indexes, tables and views, with an index containing data keys,
tables composed of columns and rows or tuples of data values, and views acting as virtual
tables so that specific columns and rows of multiple tables can be manipulated as if those
columns and rows of data were integrated in an actual physical table. The arrangement of
tables and columns implements a logical structure for referencing data and that logical
structure is called a schema. A software layer called a Relational Database Management
System (RDBMS) is typically used to handle access, security, error handling, integrity, table

creation and removal, and all other functionality required for proper operation and utilization
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of the RDB. In addition, the RDBMS typically provides an interface between the RDB and
external software programs and/or users. Each active instance of the interface between the
RDBMS and external software programs and/or users is called a connection. The RDBMS
provisions two special languages for use between the RDBMS and connected external
software programs and/or users. The first language, a Data Definition Language (DDL)
allows external software programs and users to review and manage the components and
structure of the database, and permits functions like creation, deletion, and modifications of
indexes, tables and views. The schema can only be modified using DDL. Another language,
a Query Language called a Data Manipulation Language (DML) permits selection, retrieval,
sorting, insertion, and deletion of the rows of data values contained in the database tables.
The most commonly known DDL and DML for relational databases is Structured Query
Language (SQL) (an ANSIJISO standard). SQL statements are composed by software
programs and/or users connected to the RDBMS and submitted as a query. The RDBMS
processes a query and returns an answer called a result set. The result set is the set of rows
" and columns in the database which match (satisfy) the query. If no rows and columns in the
database satisfy the query, no rows and columns are returned from the query, in which case
the result set is called empty (NULL SET). In an example embodiment of the present
invention, the potential or actual sources for information about the term or phrase of interest
are the rows of data in a table in the RDB. Each row in an RDB table is considered to be
equally eligible to become a source of information about the term or phrase of interest. The
method includes the steps of
(a) creating a connection to the database;
(b) forming a query in SQL which
(b1) includes a SQL. WHERE clause,
(b2) the WHERE clause names at least one table in the RDB
(b3) the WHERE clause names at least one column in the database table, and
(b4) the WHERE clause contains at least one SQL comparison operator such
as EQUALS, and
(b5) the WHERE clause contains at least one term or phrase of interest as a
parameter;
(c) submitting the query to the RDBMS;
(d) accepting the rows of data (if any) returned by the RDBMS which are considered

actual sources of information about the term or phrase of interest.
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Where the number of columns in the database table to be searched is greater than one,
the method includes the steps of
(a) creating a connection to the database;
(b) forming a query in SQL which
(b1) includes a SQL WHERE clause,
(b2) the WHERE clause names at least one table in the RDB
(b3) the WHERE clause names one column in the database table, and
(b4) the WHERE clause contains at least one SQL comparison operator such
as EQUALS, and
(b5) the WHERE clause contains at least one term or phrase of interest as a
parameter, and
(b6) and for each column in the table to be searched, an additional WHERE
clause is composed of (b1), (b2), (b3) where each column to be searched is
individually identified, (b4), and (b5), and
(b7) each additional WHERE clause is conjoined by the SQL ‘OR’ operator;
(c) submitting the query to the RDBMS;
(d) accepting the rows of data (if any) returned by the RDBMS which are considered
actual sources of information about the term or phrase of interest.
Where the number of database tables to be searched is greater than one, the method
includes the steps of
(a) creating a connection to the database;
(b) forming a query in SQL which
(b1) includes a SQL WHERE clause,
(b2) the WHERE clause names one table in the RDB
(b3) the WHERE clause names at least one column in the database table, and
(b4) the WHERE clause contains at least one SQL comparison operator such
as EQUALS, and
(b5) the WHERE clause contains at least one term or phrase of interest as a
parameter, and
(b8) and for each table to be searched, an additional WHERE clause is
composed of (bl), (b2) where each table to be searched is individually
identified, (b3), (b4), and (b5), and
(b7) the additional WHERE clauses are conjoined by the SQL OR operator;
(c) submitting the query to the RDBMS;
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(d) accepting the rows of data (if any) returned by the RDBMS which are considered

actual sources of information about the term or phrase of interest.

In these embodiments, any rows of data returned from the query are considered
resources of information about the term or phrase of interest. The schema of the relational
database resource is also considered an actual source of interest about the term or phrase of
interest. Relational Databases preferred for some uses of the current invention are deployed
on individual personal computers, each computer on a computer network, network server
computers and network database server computers. Network database servers are special
typically high performance computers which are dedicated to the task of supporting database
functions for a large group of users.

Database views can be accessed for reading and result-set retrieval using essentially
the same procedure as for actual database tables by means of the WHERE clause naming a
database view, instead of a database table. Another embodiment uses SQL to access and
search a data warehouse to identify actual and potential sources for information about the
term or phrase of interest. Data warehouses are special forms of relational databases. SQL is
used as the DML and DDL for most data warehouses, but data in data warehouses is indexed
by a complex and comprehensive index structure.

Taxonomy was first used for the classification of living organisms. Taxonomy is the
science of classification, but an instance of a taxonomy is a catalog used to provide a
framework for discussion, analysis, or information retrieval. A taxonomy is created by the
classification of things into an unambiguous hierarchical arrangement. A taxonomy is
usually represented as a tree, which is a type of graph. Graphs have vertices (or nodes)
connected by edges or links. From the “root” or top vertex of the tree (e.g. living organisms),
“branches” (edges) split off for each unambiguously unique group (e.g. mammals, fish,
birds). The branches continue splitting off branches of their own for each sub-group (e.g.
from mammals, the branches might be marsupials and sapiens) until a leaf vertex with no
outbound edges is encountered (e.g. from the sapiens sub-group, a leaf vertex would be found
for homo sabiens). In one embodiment, a software function, called a graph traversal function,
is used to search the taxonomy for the term or phrase of interest. For a taxonomy, the graph
is commonly stored in the form called an incidence list, where the graph edges are
represented by an array containing pairs of vertices that each edge connects. Since a
taxonomy is a directed graph (or digraph), the array is ordered. An example incidence list for

a taxonomy might appear as:
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Living organisms Fish
Living organisms Insects
Living organisms Mammals
Mammals Marsupials
Mammals Sapiens

Traversal of such a list is simple in almost any computer programming language. In
the case that the incidence list for a taxonomy is stored in an RDB table, the method for
searching an RDB would be used. If the term or phrase of interest is found, the entire
taxonomy is considered an actual source of information about the term or phrase of interest.
Taxonomy instances of the type of interest in certain uses exist on individual personal
computers, on individual computers on a computer network, on network server computers,
and on a network taxonomy server computers. Network taxonomy servers are special
typically high performance computers which are dedicated to the task of supporting
taxonomic search functions for a large group of users.

One embodiment of the present invention regards all taxonomy instances as reference
structures, and for that reason, the taxonomy in its entirety would be considered a resource
even if the term or phrase of interest is not located in the taxonomy.

An ontology is a vocabulary that describes concepts and things and the relations
between them in a formal way, and has a pattern for using the vocabulary terms to express
something meaningful within a specified domain of interest. The vocabulary is used to make
queries and assertions. Ontologies are commonly represented as graphs. In this embodiment,
a software function, called a graph traversal function, is used to search the ontology for a
vertex, called the vertex of interest, containing the term or phrase of interest. The ontology is
searched by fracing the relations (links) from the starting vertex of the ontology until the term
or phrase of interest has been found, or all vertices in the ontology have been visited. The
graph traversal function used to search an ontology differs from that used to search an
taxonomy, firstly because the edges in an ontology are labeled, secondly because the because
for each vertex a, edge e, vertex b triple must often be a vertex b, edge e”, vertex a in order

to capture the inverse relation between vertex a and vertex b. For example,
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Vertex a Edge Label Vertex b
Alexander hasMother Olympias
Olympias motherOf Alexander
Bordeaux RegionOf France

France hasRegion Bordeaux
William J. Clinton | sameAs Bill Clinton

Bill Clinton differentFrom Billy Bob Clinton

Traversal is simple, but can be time consuming for large ontologies. Where possible,
this embodiment of the invention will utilize indexed ontologies with access and searching
semantics based upon RDBMS functionality. If the term or phrase of interest is found, the
entire ontology is considered an actual source of information about the term or phrase of
interest. Ontology instances can be located on individual personal computers, on each
computer on a computer network, on network server computers and on a network ontology
server computers. Network ontology servers are special typically high performance
computers which are dedicated to the task of supporting semantic search functions for a large
‘group of users.

As is true for instances of taxonomy, one embodiment of the present invention regards
ontologies as reference structures, and for that reason, the ontology in its entirety would be
considered an actual source of information about the term or phrase of interest even if the
term or phrase of interest is not located in the ontology.

After any potential source is located, each potential source must be tested for
relevancy to the term or phrase of interest. When searching for documents relevant to a term
or phrase, certain levels of identification searching are possible. For example, the name of
the file in which the document is stored may contain descriptive text. At a deeper level, the
document identified by a resource identification can be searched for its title, or more deeply
through its abstract, or more deeply through the entire text of the documént. Any of these
searches may result in a finding that a document is relevant to the term or phrase utilized in
the query. If the searching extends over an extensive text, proximity relationship may also be
invoked to limit the number of resources identified as relevant. The test for relevancy can be
as simple and narrow as establishing that the potential source contains an exact match to the
term or phrase of interest. With improved sophistication, the tests for relevancy will a

fortiori more accurately identify more valuable resources from among the potential sources
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examined. Those tests for relevancy in accordance with the invention can include, but are not

limited to:

(M

(it)

(iif)

(iv)

v)

(vi)

(vii)

(viii)

(ix)

®)

(xi)

that the potential source contains a match to the singular or plural form of the term or
phrase of interest.

that the potential source contains a match to a synonym of the term or phrase of
interest.

that the potential source contains a match to a word related to the term or phrase of
interest (related as might be supplied by a thesaurus).

that the potential source contains a match to a word related to the term or phrase of
interest where the relation between the content of a potential source and the term or
phrase of interest is established by an authoritative reference source.

use of a thesaurus such as Merriam-Webster’s Thesaurus (a product of Merriam-
Webster, Inc) to determine if any content of a potential source located during a search
is a synonym of or related to the term or phrase of interest.

that the potential source contains a match to a word appearing in a definition in an
authoritative reference of one of the terms and/or phrases of interest.

use of a dictionary such as Merriam-Webster’s Dictionary (a product of Merriam-
Webster, Inc) to determine if any content of a potential source located during a search
appears in the dictionary definition of, and is therefore related to, the term or phrase
of interest.

that the potential source contains a match to a word appearing in a discussion about
the term or phrase of interest in an authoritative reference source.

use of an encyclopedia such as the Encyclopedia Britannica (a product of
Encyclopedia Britannica, Inc) to determine if any content of a potential source located
during a search appears in the encyclopedia discussion of the term or phrase of
interest, and is therefore related to the term or phrase of interest.

that a term contained in the potential source has a parent, child or sibling relation to
the term or phrase of interest.

use of a taxonomy to determine that a term contained in the potential source has a
parent, child or sibling relation to the term or phrase of interest. In this embodiment,
the vertex containing the term or phrase of interest is located in the taxonomy. This is
the vertex of interest. For each word located in the contents of the potential source,
the parent, siblings and children vertices of the taxonomy are searched by tracing the

relations (links) from the vertex of interest to parent, sibling, and children vertices of
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(xii)

(xiii)

(xiv)

(xv)

(xvi)

(xvii)

the vertex of interest. If any of the parent, sibling or children vertices contain the
word from the content of the potential source, a match is declared, and the source is
considered an actual source of information about the term or phrase of interest. In this
embodiment, a software function, called a graph traversal function, is used to locate
and examine the parent, sibling, and child vertices of term or phrase of interest.

that the term or phrase of interest is of degree (length) one semantic distance from a
term contained in the potential source. '

that the term or phrase of interest is of degree (length) two semantic distance from a
term contained in the potential source.

use of an ontology to determine that a degree (length) one semantic distance separates
the source from the term or phrase of interest. In this embodiment, the vertex
containing the term or phrase of interest is located in the ontology. This is the vertex
of interest. For each word located in the contents of the potential source, the ontology
is searched by tracing the relations (links) from the vertex of interest to all adjacent
vertices. If any of the adjacent vertices contain the word from the content of the
potential source, a match is declared, and the source is considered an actual source of
information about the term or phrase of interest.

uses an ontology to determine that a degree (length) two semantic distance separates
the source from the term or phrase of interest. In this embodiment, the vertex
containing the term or phrase of interest is located in the ontology. This is the vertex
of interest. For each word located in the contents of the potential source, the relevancy
test for semantic degree one is performed. If this fails, the ontology is searchéd by
tracing the relations (links) from the vertices adjacent to the vertex of interest to all
respective adjacent vertices. Such vertices are semantic degree two from the vertex of
interest. If any of the semantic degree two vertices contain the word from the content
of the potential source, a match is declared, and the source is considered an actual
source of information about the term or phrase of interest.

uses a universal ontology such as the CYC Ontology (a product of Cycorp, Inc) to
determine the degree (length) of semantic distance from one of the terms and/or
phrases of interest to any content of a potential source located during a search.

uses a specialized ontology such as the Gene Ontology (a project of the Gene
Ontology Consortium) to determine the degree (length) of semantic distance from one
of the terms and/or phrases of interest to any content of a potential source located

during a search.
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(xviii) uses an ontology and for the test, the ontology is accessed and navigated using an

Ontology Language (e.g. Web Ontology Language)(OWL) (a project of the World

Wide Web Consortjum).

After a potential source has been located, passed a relevancy test, and been promoted
to a resource, the preferred embodiment of the present invention seeks to decompose the
resource into nodes. The two methods of resource decomposition applied in current
embodiments of the present invention are word classification and intermediate format. Word
classification identifies words as instances of parts of speech (e.g. nouns, verbs, adjectives).
Correct word classification often requires a text called a corpus because word classification is
dependent upon not what a word is, but how it is used. Although the task of word
classification is unique for each human language, all human languages can be decomposed
into parts of speech. The human language decomposed by word classification in the
preferred embodiment is the English language, and the means of word classification is a
natural language parser (NLP) (e.g. GATE, a product of the University of Sheffield, UK). In
one embodiment,

(a) text is input to the NLP;

(b) the NLP restructures the text into a “document of sentences”;

(c) for each “sentence”,

(c1) the NLP encodes a sequence of tokens, where each token is a code for
the part of speech of the corresponding word in the sentence.

Where the resource contains at least one formatting, processing, or special character
not permitted in plain text, the method is:

(a) text is input to the NLP;

(b) the NLP restructures the text into a “document of sentences™;

(c) for each “sentence”,

(c1) the NLP encodes a sequence of tokens, where each token is a code for the
part of speéch of the.corresponding word in the sentence.
(c2) characters or words that contain characters not recognizable to the NLP
are discarded from both the sentence and the sequence of tokens.
By using this second method, resources containing any English language text may be
decomposed into nodes, including resources formatted as:

(i) text (plain text) files.
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(i)

(iii)

@iv)

™)

(vi)

(vii)

(viii)

(ix)

Rich Text Format (RTF) (a standard developed by Microsoft, Inc.). An alternative
method is to first obtain clean text from RTF by the intermediate use of a RTF-to-
text conversion utility (e.g. RTF-Parser-1.09, a product of Pete Sergeant).

Extended Markup Language (XML) (a project of the World Wide Web Consortium)
files as described more immediately hereinafter.

any dialect of markup language files, including, but not limited to: HyperText
Markup Language (HTML) and Extensible HyperText Markup Language
(XHTML™) (projects of the World Wide Web Consortium), RuleML (a project of
the RuleML Initiative), Standard Generalized Markup Language (SGML) (an
international standard), and Extensible Stylesheet Language (XSL) (a project of the
World Wide Web Consortium) as described more immediately hereinafter.

Portable Document Format (PDF) (a proprietary format of Adobe, Inc.) files (by
means of the intermediate use of a PDF-to-text conversion utility).

MS WORD files e.g. DOC files used to store documents by MS WORD (a word
processing software product of Microsoft, Inc.) This embodiment programmatically
utilizes a MS Word-to-text parser (e.g. the Apache POI project, a product of
Apache.org). The POI project API also permits programmatically invoked text
extraction from Microsoft Excel spreadsheet files (XLS). An MS Word file can
also be processed by a NLP as a plain text file containing special characters,
although XLS files can not.

event-information capture log files, including, but not limited to: transaction logs,
telephone call records, employee timesheets, and computer system event logs.

web pages

blog pages

For ‘decomposition XML files by means of word classification, decomposition is

applied only to the English language content enclosed by XML element opening and closing

tags with the alternative being that decomposition is applied to the English language content

enclosed by XML element opening and closing tags, and any English language tag values of

the XML element opening and closing tags. This embodiment is useful in cases of the

present invention that seek to harvest metadata label values in conjunction with content and

informally propagate those label values into the nodes composed from the element content.

In the absence of this capability, this embodiment relies upon the XML file being processed

by a NLP as a plain text file containing special characters. Any dialect of markup language

files, including, but not limited to: HyperText Markup Language (HTML) and Extensible
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HyperText Markup Language (XHTML™) (projects of the World Wide Web Consortium),
RuleML (a project of the RuleML Initiative), Standard Generalized Markup Language
(SGML) (an international standard), and Extensible Stylesheet Language (XSL) (a project of
the World Wide Web Consortium) is processed in essentially identical fashion by the
referenced embodiment.

Email messages and email message attachments are decomposed using word
classification in a preferred embodiment of the present invention. As described earlier, the
same programmatically invoked utilities used to access and search email repositories on
individual computers and servers are directed to the extraction of English language text from
email message and email attachment files. Depending upon how “clean” the resulting
extracted English language text can be made, the NLP used by the present invention will
process the extracted text as plain text or plain text containing special characters. Email
attachments are decomposed as described earlier for each respective file format.

Decomposition by means of word classification being only one of two methods for
decomposition supported by the present invention, the other means of decomposition is
decomposition of the information from a resource using an intermediate format. The
intermediate format is a first term or phrase paired with a second term or phrase. In a
preferred embodiment, the first term or phrase has a relation to the second term or phrase.
That relation is either an implicit relation or an explicit relation, and the relation is defined by
a context. In one embodiment, that context is a schema. In another embodiment, the context
is a tree graph. In a third embodiment, that context is a directed graph (also called a digraph).
In these embodiments, the context is supplied by the resource from which the pair of terms or
phrases was extracted. In other embodiments, the context is supplied by an external resource.
In accordance with one embodiment of the present invention, where the relation is an explicit
relation defined by a context, that relation is named by that context.

In an example embodiment, the context is a schema, and the resource is a Relational
Database (RDB). The relation from the first term or phrase to the second term of phrase is an
implicit relation, and that implicit relation is defined in an RDB. The decomposition method
supplies the relation with the pair of concepts or terms, thereby creating a node. The first
term is a phrase, meaning that it has more than one part (e.g. two words, a word and a
numeric value, three words), and the second term is a phrase, meaning that it has more than
one part (e.g. two words, a word and a numeric value, three words).

The decomposition function takes as input the RDB schema. The method includes:

(A) A first phase, where
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(B)
(2)

(®

©

(d)

(©

(a)

(b)

©

(d)

the first term or phrase is the database name, and the second term or phrase
is a database table name. Example: database name is “ACCOUNTING”,
and database table name is “Invoice”;
The relation (e.g. “has”) between the first term or phrase
(“ACCOUNTING”) and the second term or phrase (“Invoice”) is
recognized as implicit due to the semantics of the RDB schema;
A node is produced (“Accounting — has — Invoice”) by supplying the
relation (“has”) between the pair of concepts or terms;
For each table in the RDB, the steps (a) fixed as the database name ,(b)
fixed as the relation, (c) where the individual table names are iteratively
used, produce a node; and
A second phase, where
the first term or phrase is the database table name, and the second term or
phrase is the database table column name. Example: database table name is
“Invoice” and column name is “Amount Due”;
The relation (e.g. “has”) between the first term or phrase (“Invoice™) and the
second term or phrase (“Amount Due”) is recognized as implicit due to the
semantics of the RDB schema;
A node is produced (“Invoice — has — Amount Due”) by supplying the relation
(“has™) between the pair of concepts or terms;
For each column in the database table, the steps (a) fixed as the database table
name, (b) fixed as the relation, (c) where the individual column names are
iteratively used, produce a node;
For each table in the RDB, step (d) is followed, with the steps (a) where the
database table names are iteratively used, (b) fixed as the relation, (c) where

the individual column names are iteratively used, produce a node;

In this embodiment, the entire schema of the RDB is decomposed, and because of the implicit

relationship being immediately known by the semantics of the RDB, the entire schema of the

RDB can be composed into nodes without additional processing of the intermediate format

pair of concepts or terms.

In another embodiment, the decomposition function takes as input the RDB schema

plus at least two values from a row in the table. The method includes

(@)

the first term or phrase is a compound term, with
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(b)

(©)

(d)

©
®

(®

(h)

(M)

)
(k)

the first part of the compound term being the database table column name
which is the name of the “key” column of the table (for example for table
“Invoice”, the key column is “Invoice No”), and

the second part of the compound term being the value for the key column from
the first row of the table (for example, for the “Invoice” table column “Invoice
No.” the row 1 value of “Invoice No.” is “500024”, the row being called the
“current row”,

the third part of the compound is the column name of a second column in the
table (example “Status”),

resulting in the first term or phrase being “Invoice No. 500024 Status”;

the second term or phrase is the value from second column, current row
Example: second column name is “Status”, value of row 1 is “Overdue”;

The relation (e.g. “is”) between the first term or phrase (“Invoice No. 500024
Status™) and the second term or phrase (“Overdue™) is recognized as implicit
due to the semantics of the RDB schema;

A node is produced (“Invoice No. 500024 Status — is — Overdue™) by supplying
the relation (“is”) between the pair of concepts or terms;

For each row in the table, the steps (b) fixed as the key column name, (c)
varying with each row, (d) fixed as name of second column, (f) varying with
the value in the second column for each row, with (g) the fixed relation (“is”),
produces a node (h);

For each column in the table, step (i) is run;

For each table in the database, step (j) is run;

The entire contents of the RDB can be decomposed, and because of the implicit relationship

being immediately known by the semantics of the RDB, the entire contents of the RDB can

be composed into nodes without additional processing of the intermediate format pair of

terms or phrases.

Where the context is a tree graph, and the resource is a taxonomy, the relation from

the first term or phrase to the second term or phrase is an implicit relation, and that implicit

relation is defined in a taxonomy.

The decomposition function will capture all the hierarchical relations in the

taxonomy. The decomposition method is a graph traversal function, meaning that the method

will visit every vertex of the taxonomy graph. In a tree graph, a vertex (except for the root)

can have only one parent, but many siblings and many children. The method includes:
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(@)
(b)
©)
(d)
(e)

®

@

(b)

Starting from the root vertex of the graph,

visit a vertex (called the current vertex);

If a child vertex to the current vertex exists;

The value of the child vertex is the first term or phrase (example “mammal”);
The value of the current vertex is the second term or phrase (example “living
organism”);

The relation (e.g. “is”) between the first term or phrase (child vertex value)
and the second term or phrase (parent vertex value) is recognized as implicit
due to the semantics of the taxonomy;

A node is produced (“mammal — is — living organism™) by supplying the
relation (“is”) between the pair of concepts or terms;

For each vertex in the taxonomy graph, the steps of (b), (c), (d), (¢), (£), (g) are

executed;

The parent/child relations of entire taxonomy tree can be decomposed, and because of

the implicit relationship being immediately known by the semantics of the taxonomy, the

entire contents of the taxonomy can be composed into nodes without additional processing of

the intermediate format pair of concepts or terms.

In another embodiment, the decomposition function will capture all the sibling

relations in the taxonomy. The method includes:

(@)
(b)
(©)
(d
(e
®

(®

(h)

®

Starting from the root vertex of the graph,

visit a vertex (called the current vertex);

If more than one child vertex to the current vertex exists;

using a left-to-right frame of reference;

The value of the first child vertex is the first term or phrase (example
“humans”);

The value of the closest sibling (proximal) vertex is the second term or phrase
(example “apes™);

The relation (e.g. “related”) between the first term or phrase (first child vertex
value) and the second term or phrase (other child vertex value) is recognized
as implicit due to the semantics (i.e. sibling relation) of the taxonomy;

A node is produced (“humans — related — apes™) by supplying the relation
(“related”) between the pair of concepts or terms;

For each other child (beyond the first child) vertex of the current vertex, the
steps of (e), (f), (g), (h) are executed;
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()  For each vertex in the taxonomy graph, the steps of (b), (c), (d), (i) are
executed;

All sibling relations in the entire taxonomy tree can be decomposed, and because of
the implicit relationship being immediately known by the semantics of the taxonomy, the
entire contents of the taxonomy can be composed into nodes without additional processing of
the intermediate format pair of terms or phrases.

Where the context is a digraph, and the resource is an ontology, the relation from the
first term or phrase to the second term or phrase is an explicit relation, and that explicit
relation is defined in an ontology.

The decomposition function will capture all the semantic relations of semantic degree
1 in the ontology. The decomposition method is a graph traversal function, meaning that the
method will visit every vertex of the ontology graph. In an ontology graph, semantic
relations of degree 1 are represented by all vertices exactly 1 link (“hop™) removed from any
given vertex. Each link must be labeled with the relation between the vertices. The method
includes:

(a)  Starting from the root vertex of the graph,

(b)  visit a vertex (cglled the current vertex);

(¢) [Ifa link from the current vertex to another vertex exists;

(d) Using a clockwise frame of reference;

(¢) The value of the current vertex is the first term or phrase (example
“husband™);

(f)  The value of the first linked vertex is the second term or phrase (example
“wife™);

(g)  The relation (e.g. “spouse”) between the first term or phrase (current vertex
value) and the second term or phrase (linked vertex value) is explicitly
provided due to the semantics of the ontology;

(h)  Anode is produced (“husband — spouse — wife”) (meaning formally that “there
exists a husband who has a spouse relation with a wife”) by supplying the
relation (“spouse™) between the pair of terms or phrases;

(i)  For each vertex in the taxonomy graph, the steps of (b), (c), (d), (e), (f), (&),
(h) are executed;

The degree one relations of entire ontology tree can be decomposed, and because of the

explicit relationship being immediately known by the labeled relation semantics of the
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ontology, the entire contents of the ontology can be composed into nodes without additional
processing of the intermediate format pair of terms or phrases.

Nodes are the building blocks of correlation. Nodes are the links in the chain of
association from a given origin to a discovered destination. The preferred embodiment
and/or exemplary method of the present invention is directed to providing an improved
system and method for discovering knowledge by means of constructing correlations using
nodes. As soon as the node pool is populated with nodes, correlation can begin. In all
embodiments of the present invention, a node is a data structure. A node is comprised of
parts. The node parts can hold data types including, but not limited to text, numbers,
mathematical symbols, logical symbols, URLs, URIs, and data objects. The node data
structure is sufficient to independently convey meaning, and is able to independently convey
meaning because the node data structure contains a relation. The relation manifest by the
node is directional, meaning that the relationships between the relata may be uni-directional
or bi-directional. A uni-directional relationship exists in only a single direction, allowing a
traversal from one part to another but no traversal in the reverse direction. A bi-directional
relationship allows traversal in both directions.

A node is a data structure comprised of three parts in one preferred embodiment, and
the three parts contain the relation and two relata. The arrangement of the parts is:

(a) the first part contains the first relatum;

(b) the second part contains the relation;.

(c) the third part contains the second relatum;
The naming of the parts is:

(a)  the first part, containing the first relatum, is called the subject;

(b) the second part, containing the relation, is called the bond;.

(c) the third part, containing the second relatum, is called the attribute;

In another preferred embodiment, a node is a data structure and is comprised of four
parts. The four parts contain the relation, two relata, and a source. One of the four parts is a
source, and the source contains a URL or URI identifying the resource from which the node
was extracted. In an alternative embodiment, the source contains a URL or URI identifying
an external resource which provides a context for the relation contained in the node. In these
embodiments, the four parts contain the relation, two relata, and a source, and the
arrangement of the parts is:

(a)  the first part contains the first relatum;

(b)  the second part contains the relation;.
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©) the third part contains the second relatum;
(d) the fourth part contains the source;
The naming of the parts is:
(a) the first part, containing the first relatum, is called the subject;
(b) the second part, containing the relation, is called the bond;.
(c)  the third part, containing the second relatum, is called the attribute;
(d)  the fourth part, containing the source, is called the sequence;

Referring to FIGURE 4A, the generation of nodes 180A, 180B is achieved using the
products of decomposition by a natural language processor (NLP) 410, including at least one
sentence of words and a sequence of tokens where the sentence and the sequence must have a
one-to-one correspondence 415. All nodes 180A, 180B that match at least one syntactical
pattern 420 can be constructed. The'method is: _

(@) A syntactical  patternm 420 of  tokens is  selected (example:

<noun><preposition><noun>);

(b) Moving from left to right;

(c) The sequence of tokens is searched for the center token (<preposition>) of the pattern;

(d) If the correct token (<preposition>) is located in the token sequence;

(e) The <preposition> token is called the current token;

(f) The token to the left of the current token (called the left token) is examined;

(g) If the left token does not match the pattern,

a. the attempt is considered a failure;

b. searching of the sequence of tokens is continued from the current token
position;

c. until a next matching <preposition> token is located;

d. or the end of the sequence of tokens is encountered;

(h) if the left token does match the pattern,

(i) the token to the right of the current token (called the right token) is examined;

() If the right token does not match the pattern,

a. the attempt is considered a failure;

b. searching of the sequence of tokens is continued from the current token
position;

c. until a next matching <preposition> token is located;

d. or the end of the sequence of tokens is encountered;

(k) if the right token matches the pattern,
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() anode 180A, 180B is created;

(m) using the words from the word list that correspond to the
<noun><preposition><noun> pattern, example “action regarding inflation”;

(n) searching of the sequence of tokens is continued from the current token position;

(o) until a next matching <preposition> token is located;

(p) or the end of the sequence of tokens is encountered;

The generation of nodes is achieved using the products of decomposition by a natural
language processor (NLP), including at least one sentence of words and a sequence of tokens
where the sentence and the sequence must have a one-to-one correspondence. All nodes that
match at least one syntactical pattern can be constructed. The method is:

(q) A syntactical pattern of tokens is selected (example: <noun><preposition><noun>);

(r) Moving from left to right;

(s) The sequence of tokens is searched for the center token (<preposition>) of the pattern;

(t) If the correct token (<preposition>) is located in the token sequence;

(u) The <preposition> token is called the current token;

(v) The token to the left of the current token (called the left token) is examined;

(w)If the left token does not match the pattern,

a. the attempt is considered a failure;

b. searching of the sequence of tokens is continued from the current token
position;

c. until a next matching <preposition> token is located;

d. or the end of the sequence of tokens is encountered,;

(x) if the left token does match the pattern,

(y) the token to the right of the current token (called the right token) is examined;

(z) If the right token does not match the pattern,

a. the attempt is considered a failure;
b. searching of the sequence of tokens is continued from the current token
position;
until a next matching <preposition> token is located;
d. or the end of thé sequence of tokens is encountered,;
(aa) if the right token matches the pattern,

(bb) a node is created,;
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(co) using the words from the word list that correspond to the

<noun><preposition><noun> pattern, example “prince among men”;

(dd) searching of the sequence of tokens is continued from the current token
position;
(ee) until a next matching <preposition> token is located;

(ff) or the end of the sequence of tokens is encountered;

A preferred embodiment of the present invention is directed to the generation of nodes
using all sentences which are products of decomposition of a resource. The method includes
an inserted step (q) which executes steps (a) through (p) for all sentences generated by the
decomposition function of an NLP.

Nodes can be constructed using more than one pattern. The method is:

(1) The inserted step (al) is preparation of a list of patterns. This list can start with two
patterns and extend to essentially all patterns usable in making a node, and include but
are not limited to:

(i) <noun><verb><noun> example: “man bites dog”,

(i) <noun><adverb><verb> example: “horse quickly runs”,
(iii) <verb><adjective><noun> example: “join big company”,
(iv) <adjective><noun><noun> example: “silent night song”,

(v) <noun><preposition><noun> example: “voters around country”;

(2) The inserted step (pl) where steps (a) through (p) are executed for each pattern in the
list of patterns;

In an improved approach, nodes are constructed using more than one pattern, and the

method for constructing nodes uses a sorted list of patterns. In this embodiment,

The inserted step (a2) sorts the list of patterns by the center token, then left token then

right token (example: <adjective> before <noun> before <preposition>), meaning that the

search order for the set of patterns (i) through (v) would become (iii)(ii)(iv)(v)(i), and
that patterns with the same center token would become a group.

(b)(c)Each sequence of tokens is searched for the first center token in the pattern list i.e.

<adjective>

(d) If the correct token (<adjective>) is located in the token sequence;

(e) The located <adjective> token is called the current token;

(e1) Using the current token,
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(e2) Each pattern in the list with the same center token (i.e. each member of the group in
the pattern list) is compared to the right token, current token, and left token in the
sequence at the point of the current token;
(e3) For each group in the search list, steps (b) through (e2) are executed;
(q) steps (b) through (e3) are executed for all sentences decomposed from the resource;
Additional interesting nodes can be extracted from a sequence of tokens using patterns of
only two tokens. The method searches for the right token in the patterns, and the bond value
of constructed nodes is supplied by the node constructor. In another variation, the bond value
is determined by testing the singular or plural form of the subject (corresponding to the left
token) value. In this embodiment,
(a) The pattern is <noun><adjective>;
(b) Moving from left to right;
(c) The sequence of tokens is searched for the token <adjective>;
(d) If the correct token (<adjective>) is located in the token sequence;
(e) The <adjective> token is called the current token;
(f) The token to the left of the current token (called the left token) is examined;
(g) If the left token does not match the pattern (<noun>),
a. the attempt is considered a failure;
b. searching of the sequence of tokens is continued from the current token
position;
c. until a next matching <adjective> token is located;
d. orthe end of the sequence of tokens is encountered;
(h) if the left token does match the pattern,
(i) anode is created;
(j) using the words from the word list that correspond to the <noun><adjective> pattern,
example “mountain big”;
(k) the subject value of the node (corresponding to the <noun> position in the pattern) is
tested for singular or plural form
(1) abond value for the node is inserted based upon the test (example “is” “are™)
(m)resulting in the node “mountain is big”
(n) searching of the sequence of tokens is continued from the current token position;
(0) until a next matching <adjective> token is located,;
(p) or the end of the sequence of tokens is encountered,

(q) steps (a) through (p) are executed for all sentences decomposed from the resource;
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Using a specific pattern of three tokens, the method for constructing nodes searches for

the left token in the patterns, the bond value of constructed nodes is supplied by the node
constructor, and the bond value is determined by testing the singular or plural form of the

subject (corresponding to the left token) value. In this embodiment,

(a) The pattern is <adjective><noun><noun>;
(b) Moving from left to right;
(c) The sequence of tokens is searched for the token <adjective>;
(d) If the correct token (<adjective™>) is located in the token sequence;
(e) The <adjective> token is called the current token;
(f) The token to the right of the current token (called the center token) is examined;
(g) If the center token does not match the pattern (<noun>),
the attempt is considered a failure;
searching of the sequence of tokens is continued from the current token
position;
c. until a next matching <adjective> token is located;
d. or the end of the sequence of tokens is encountered;
(h) if the center token does match the pattern,
(i) The token to the right of the center token (called the right token) is examined;
(j) If the right token does not match the pattern (<noun>),
a. the attempt is considered a failure;
b. searching of the sequence of tokens is continued from the current token
position;
c. until a next matching <adjective> token is located;
d. or the end of the sequence of tokens is encountered,
(k) if the center token does match the pattern,
(1) anode is created;
(m)using the words from the word list that correspond to the <adjective><noun><noun>
pattern, example “silent night song”;
(n) the attribute value of the node (corresponding to the right token <poun> position in
the pattern) is tested for singular or plural form
(0) a bond value for the node is inserted based upon the test (example “is” “are”
(p) resulting in the node “silent night is song”

(q) searching of the sequence of tokens is continued from the current token position;

(r) until a next matching <adjective> token is located;
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(s) or the end of the sequence of tokens is encountered;
(t) steps (a) through (s) are executed for all sentences decomposed from the resource;
Nodes are constructed using patterns where the left token is promoted to a left pattern
containing two or more tokens, the center token is promoted to a center pattern containing no
more than two tokens, and the right token is promoted to a right pattern containing two or
more tokens. By promoting left, center, and right tokens to patterns, more complex and
sophisticated nodes can be generated. In this embodiment, the NLP’s use of the token “TO”
to represent the literal “to” can be exploited. For example,
(i) <adjective><noun> <verb> <adjective><noun> “large contributions fight
world hunger”,
(i) <noun> <TO><verb> <noun> “legislature to consider bill”,
(iii) <noun> <adverb><verb> <adjective><noun> “people quickly read local news”
For example, using <noun> <TO><verb> <noun> “legislature to consider bill”,
(a) Separate lists of patterns for left pattern, center pattern, and right pattern are created
and referenced;
(b) The leftmost token from the center pattern is used as the search
(c) If the correct token (<TO>) is located in the token sequence;
(d) The <TO> token is called the current token;
- (e) The token to the right of the current token (called the right token in the context of the
center patterns) is examined;
(f) If the token does not match any center pattern right token,
the attempt is considered a failure;
b. searching of the sequence of tokens is continued from the current token
position;
c. until a next matching <TO> token is located;
d. orthe end of the sequence of tokens is encountered;
(g) if the right token does match the pattern of the center pattern (<TO><verb>),
(h) the token to the left of the current token (called the right token in the context of the
left patterns) is examined;
(i) If the right token does not match any left pattern right token,
a. the attempt is considered a failure;
b. searching of the sequence of tokens is continued from the current token
position;

c. until a next matching <TO> token is located;
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d.

G) if the

or the end of the sequence of tokens is encountered;

right token matches the pattern,

(k) The token to the right of the current token (called the right token in the context of the

center patterns) becomes the current token;

() The token to the right of the current token (called the left token in the context of the

right patterns) is examined;

(m)If the token does not match any right pattern left token,

a.

b.

C.

d.

the attempt is considered a failure;

searching of the sequence of tokens is continued from the current token
position;

until a next matching <T'O> token is located;

or the end of the sequence of tokens is encountered;

(n) if the left token does match the pattern of the right pattern (<noun>),

(o) a node is created;

(p) using the words from the word list that correspond to the <noun> <TO><verb>

<noun> “legislature to consider bill”,

(q) searching of the sequence of tokens is continued from the current token position;

(r) until a next matching <preposition> token is located;

(s) or the end of the sequence of tokens is encountered;

Under certain conditions, it is desirable to filter out certain possible node constructions.

Those filters include, but are not limited to:

®
(ii)
(iii)
(iv)
(v)

(vi)
(vii)

(vii)

All words in subject, bond, and attribute are capitalized;

Subject, bond, or attribute start or end with a hyphen or an apostrophe;

Subject, bond, or attribute have a hyphen plus space (“- “) or space plus hyphen
(“ =) or hyphen plus hyphen (“—*) embedded in any of their respective values;
Subject, bond, or attribute contain sequences greater than length three (3) of the
same character (ex: “FFFF”);

Subject, bond, or attribute contain a multi-word value where the first word or the
last word of the multi-word value is only a single character (ex: “a big”);
Subject and attribute are singular or plural forms of each other;

Subject and attribute are identical or have each other’s value embedded (ex:
“dog” “sees” “big dog”);

Subject, bond, or attribute respectively contain two identical words (ex: “Texas

Texas” “is” “state”);
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"“Where the nodes are comprised of four parts, the fourth part contains a URL or URI
of the resource from which the node was extracted. In this embodiment, in addition to the
sentence (sequence of words and corresponding sequence of tokens), the URL or URI from
which the sentence was extracted is passed to the node generation function. For every node
created from the sentence by the node generation function, the URL or URI is loaded into the
fourth part, called the sequence, of the node data structure.

Where the four part nodes are generated using the RDB decomposition function, the
RDB decomposition function will place in the fourth (sequence) part of the node the URL or
URI of the RDB resource from which the node was extracted, typically, the URL by which
the RDB decomposition function itself created a connection to the database. An example
using the Java language Enterprise version, using a well known RDBMS called MySQL and
a database called “mydb”: “jdbc:mysql://localhost/mydb”. If the RDBMS is a Microsoft
Access database, the URL might be the file path, for example: “c:\anydatabase.mdb”. This
embodiment is constrained to those RDBMS implementations where the URL for the RDB is
accessible to the RDB decomposition function. Note that the URL of a database resource is
usually not sufficient to programmatically access the resource.

Where the nodes are generated using the taxonomy decomposition function, the
taxonomy decomposition function will place in the fourth (sequence) part of the node the
URL or URI of the taxonomy resource from which the node was extracted, typically, the
URL by which the taxonomy decomposition function itself located the resource.

Where the nodes are generated using the ontology decomposition function, the
ontology decomposition function will place in the fourth (sequence) part of the node the URL
or URI of the ontology resource from which the node was extracted, typically, the URL by
which the ontology decomposition function itself located the resource.

A preferred embodiment of the present invention is directed to the generation of
nodes where the nodes are added to a node pool, and a rule is in place to block duplicate
nodes from being added to the node pool. In this embodiment, (a) a candidate node is
converted to a string value using the Java language feature “toString()”, (b) a lookup of the
string as a key is performéd using the lookup function of the node pool. Candidate nodes (c)
found to have identical matches already present in the node pool are discarded. Otherwise,
(d) the node is added to the node pool.

Nodes in a node pool transiently reside or are persisted on a computing device, a
computer network-connected device, or a personal computing device. Well known

computing devices include, but are not limited to super computers, mainframe computers,
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. enterprise-class computers, servers, file servers, blade servers, web servers, departmental
servers, and database servers. Well known computer network-connected devices include, but
are not limited to internet gateway devices, data storage devices, home internet appliances,
set-top boxes, and in-vehicle computing platforms. Well known personal computing devices
include, but are not limited to, desktop personal computers, laptop personal computers,
personal digital assistants (PDAs), advanced display cellular phones, advanced display
pagers, and advanced display text messaging devices.

The storage organization and mechanism of the node pool permits efficient selection
and retrieval of an individual node by means of examination of the direct or computed
contents (values) of one or more parts of a node. Well known computer software and data
structures that permit and enable such organization and mechanisms include but are not
limited to relational database systems, object database systems, file systems, computer
operating systems, collections, hash maps, maps (associative arrays), and tables.

The nodes stored in the node pool are called member nodes. With respect to
correlation, the node pool is called a search space. The node pool must contain at least one
node member that explicitly contains a term or phrase of interest. In this embodiment, the
node which explicitly contains the term or phrase of interest is called the origin node,
synonymously referred to as the source node, synonymously referred to as the path root.

Correlations are constructed in the form of a chain (synonymously referred to as a
path) of nodes. The chain is constructed from the node members of the node pool (called
candidate nodes), and the method of selecting a candidate node to add to the chain is to test
that a candidate node can be associated with the current terminus node of the chain. The tests
for association are:

(i) that the value of the (leftmost) subject part of a candidate node contains an exact
match to the (rightmost) attribute part of the current terminus node.

(ii) that the value of the subject part of a candidate node contains a match to the singular
or plural form of the attribute part of the current terminus node.

(iii) that the value of the subject part of a candidate node contains a match to a word
related (for example, as would a thesaurus) to the attribute part of the current
terminus node. '

(iv) that the value of the subject part of a candidate node contains a match to a word
related to the attribute part of the current terminus node and the relation between the
candidate node subject part and the terminus node attribute part is established by an

authoritative reference source.
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™)

(vi)

(vii)

(viii)

(i)

)

(xi)

that the value of the subject part of a candidate node contains a match to a word
related to the attribute part of the current terminus node, the relation between the
candidate node subject part and the terminus node attribute part is established by an
authoritative reference source, and association test uses a thesaurus such as
Merriam-Webster’s Thesaurus (a product of Merriam-Webster, Inc) to determine if
the value of the subject part of a candidate node is a synonym of or related to the
attribute part of the current terminus node.

that the value of the subject part of a candidate node contains a match to a word
appearing in a definition in an authoritative reference of the attribute part of the
current terminus node.

that the value of the subject part of a candidate node contains a match to a word
related to the attribute part of the current terminus node, the relation between the
candidate node subject part and the terminus node attribute part is established by an
authoritative reference source, and association test uses a dictionary such as
Merriam-Webster’s Dictionary (a product of Merriam-Webster, Inc) to determine if
the subject part of a candidate node appears in the dictionary definition of, and is
therefore related to the attribute part of the current terminus node.

that the value of the subject part of a candidate node contains a match to a word
appearing in a discussion about the attribute part of the current terminus node in an
authoritative reference source.

that the value of the subject part of a candidate node éontains a match to a word
related to the attribute part of the current terminus node, the relation between the
candidate node subject and the terminus node attribute is established by an
authoritative reference source, and association test uses an encyclopedia such as the
Encyclopedia Britannica (a product of Encyclopedia Britannica, Inc) to determine if
any content of a potential source located during a search appears in the encyclopedia
discussion of the term or phrase of interest, and is therefore related to the attribute
part of the current terminus node.

that a term contained in the value of the subject part of a candidate node has a
parent, child or sibling relation to the attribute part of the current terminus node.

that the value of the subject part of a candidate node contains a match to a word
related to the attribute part of the current terminus node, the relation between the
candidate node subject and the terminus node attribute is established by an

authoritative reference source, and the association test uses a taxonomy to determine
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(xii)

(xiii)

(xiv)

(xv)

that a term contained in the subject part of a candidate node has a parent, child or
sibling relation to the attribute part of the current terminus node. The vertex
containing the value of the attribute part of the current terminus node is located in
the taxonomy. This is the vertex of interest. For each word located in the subject
part of a candidate node, the parent, sibling and child vertices of the vertex of
interest are searched by tracing the relations (links) from the vertex of interest to
parent, sibling, and child vertices of the vertex of interest. If any of the parent,
sibling or child vertices contain the word from the attribute part of the current
terminus node, a match is declared, and the candidate node is considered associated
with the current terminus node. In this embodiment, a software function, called a
graph traversal function, is used to locate and examine the parent, sibling, and child
vertices of the current terminus node.

that a term contained in the value of the subject part of a candidate node is of degree
(length) one semantic distance from a term contained in the attribute part of the
current terminus node.

that a term contained in the subject part of a candidate node is of degree (length)
two semantic distance from a term contained in the attribute part of the current
terminus node.

the subject part of a candidate node is compared to the atiribute part of the current
terminus node and the association test uses an ontology to determine that a degree
(length) one semantic distance separates the subject part of a candidate node from
the attribute part of the current terminus node. The vertex containing the attribute
part of the current terminus node is located in the ontology. This is the vertex of
interest. For each word located in the subject part of a candidate node, the ontology
is searched by tracing the relations (links) from the vertex of interest to all adjacent
vertices. If any of the adjacent vertices contain the word from the subject part of a
candidate node, a match is declared, and the candidate node is considered associated
with the current terminus node.

the subject part of a candidate node is compared to the attribute part of the current
terminus node and the association test uses an ontology to determine that a degree
(length) two semantic distance separates the subject part of a candidate node from
the attribute part of the current terminus node. he vertex containing the attribute
part of the current terminus node is located in the ontology. This is the vertex of

interest. For each word located in the subject part of a candidate node, the relevancy
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test for semantic degree one is performed. If this fails, the ontology is searched by
tracing the relations (links) from the vertices adjacent to the vertex of interest to all
respective adjacent vertices. Such vertices are semantic degree two from the vertex
of interest. If any of the semantic degree two vertices contain the word from the
subject part of a candidate node, a match is declared, and the candidate node is
considered associated with the current terminus node.

(xvi) the subject part of a candidate node is compared to the attribute part of the current
terminus node and the association test uses a universal ontology such as the CYC
Ontology (a product of Cycorp, Inc) to determine the degree (length) of semantic
distance from the attribute part of the current terminus node to the subject part of a
candidate node.

(xvii) the subject part of a candidate node is compared to the attribute part of the current
terminus node and the association test uses a specialized ontology such as the Gene
Ontology (a project of the Gene Ontology Consortium) to determine the degree
(length) of semantic distance from the attribute part of the current terminus node to
the subject part of a candidate node.

(xviii) the attribute part of the current terminus node is compared to the attribute part of the
current terminus node and the association test uses an ontology and for the test, the
ontology is accessed and navigated using an Ontology Language (e.g. Web
Ontology Language)(OWL) (a project of the World Wide Web Consortium).

An improved embodiment of the present invention is directed to the node pool, where
the node pool is organized as clusters of nodes indexed once by subject and in addition,
indexed by attribute. This embodiment is improved with respect to the speed of correlation,
because only one association test is required for the cluster in order that all associated nodes
can be added to correlations.

The correlation process consists of the iterative association with and successive
chaining of qualified node members of the node pool to the successively designated current
terminus of the path. Until success or failure is resolved, the process is a called a trial or
attempted correlation. When the association and chaining of a desired node called the target
or destination node to the current terminus of the path occurs, the trial is said to have
achieved a success outcome (goal state), in which case the path is thereafter referred to as a
correlation, and such correlation is preserved, while the condition of there being no further
qualified member nodes in the node pool being deemed a failure outcome (exhaustion), and

the path is discarded, and is not referred to as a correlation.
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Designation of a destination node invokes a halt to correlation. There are a number of
means to halt correlation. In a preferred embodiment, the user of the software elects at will to
designate the node most recently added to the end of the correlation as the destination node,
and thereby halts further correlation. The user is provided with a representation of the most
recently added node after each step of the correlation method, and is prompted to halt or
continue the correlation by means of a user interface, such as a graphical user interface
(GUI). Other ways to halt correlation are:

(i) having the correlation method continue to extend a correlation until a set time
interval has elapsed, at which point the correlation method will designate the node
most recently added to the end of the correlation as the destination node, and
thereby halt further correlation.

(ii) having the correlation method continue to extend a correlation until the correlation
achieves a certain pre-set degree (i.e. length, in number of nodes), at which point the
correlation method will designate the node most recently added to the end of the
correlation as the destination node, and thereby halt further correlation.

(iii) having the correlation method continue to extend a correlation until the correlation
can not be extended further given the nodes available in the node pool, at which
point the correlation method will designate the node most recently added to the end
of the correlation as the destination node, and thereby halt further correlation.

(iv) having the correlation method continue to extend a correlation until a specific pre-
selected target node or a target node with a pre-designated term in the subject part is
added to the correlation, upon which event a success is declared and correlation is
halted. In this embodiment, if the pre-selected node or a node with a pre-designated
term can not be associated with the correlation and all candidate nodes in the node
pool have been examined, a failure is declared correlation is halted.

(v) the correlation method compares the number of trial correlations to a pre-set limit of
trial correlations, and if that limit is reached, halts correlation.

(vi) the correlation method'compares the elapsed time of the current correlation to a pré-
set time limit, and if that time limit is reached, halts correlation.

In a preferred embodiment of the present invention, the correlation method utilizes
graph-theoretic techniques. As a result, the attempts at correlation are together modeled as a
directed graph (also called a digraph) of trial correlations.

A preferred embodiment of the present invention is directed to the correlation method

where the attempts at correlation utilize graph-theoretic techniques, and as a result, the
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attempts at correlation are together modeled as a directed graph (also called a digraph) of trial
correlations. One type of digraph constructed by the correlation method is a quiver of paths,
where each path in the quiver of paths is a trial correlation. This preferred embodiment
constructs the quiver of paths using a series of passes through the node pool, and includes the
steps of
(@) In the first pass only,
a. Starting from the origin node,
b. For each candidate node successfully associated with the origin node,
c. A new trial correlation (path) is started;
(b) For all subsequent passes
a. For each trial correlation path,
i. The current trial correlation path is the trial of interest;

ii. The terminus (rightmost) node of the path becomes the node of
interest;

iii. The node pool is searched for a candidate node that can be associated
with the node of interest, thereby extending the trial correlation by one
degree;

iv. If a node is found that can be associated with the node of interest, the
node is added to the trial correlation path. This use of the node is non-
exclusive;

v. If a node added to the trial correlation path is designated the target or
destination node,
1. The trial is referred to as a correlation;
2. The correlation is removed from the quiver of paths;
3. The correlation is stored separately as a successful correlations;
4. The correlation method declares success;
5. The next trial correlation path becomes the trial of interest;

vi. If more than one node can be found that can be associated with the

node of interest,
vii. For each such node,
viii. The current path is cloned, and extended with the node;

ix. If no candidate node can be found to associate with the current node of
interest,

X. the path of interest is discarded;
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b. step “a.” is executed for all trial correlation paths;
(c) step (b) is executed as successive passes until correlation is halted,
(d) if no successful correlations have been constructed, the correlation method declares a
failure;

The successful correlations produced by the correlation method are together modeled
as a directed graph (also called a digraph) of correlations in one preferred embodiment.
Alternatively, the successful correlations produced by the correlation method are together
modeled as a quiver of paths of successful correlations. Successful correlations produced by
the correlation method are together called, with respect to correlation, the answer space.
Where the correlation method constructs a quiver of paths where each path in the quiver of
paths is a successful correlation, all successful correlations share as a starting point the origin
node, and all possible correlations from the origin node are constructed. All correlations
(paths) that start from the same origin term-node and terminate with the same target term-
node or the same set of related target term-nodes comprise a correlation set. Target term-
nodes are considered related by passing the same association test used by the correlation
method to extend trial correlations with candidate nodes from the node pool.

The special case of correlation is constructing knowledge correlations using two terms
and/or phrases include

(a) traversing (searching) one or more of
(vii) computer file systems
(viii) computer networks including the Internet
(ix) relational databases
(x) taxonomies
(xi) ontologies
(b) to identify actual and potential sources for information about the first of the terms or
phrases of interest.
(c) A second, independent search is then performed to identify actual and potential
sources for information about the second of the terms or phrases of interest.
(d) A test for relevancy is applied to all actual or potential sources of information
discovered in either search
(e) Resources discovered in both searches are decomposed into nodes
(f) And added to the node pool
(g) A node in the node pool that explicitly contains the first term or phrase of interest is

used as the origin node.
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(h) The correlation is declared a success when a qualified member term-node that
explicitly contains the second term or phrase of interest, designated as the destination
node, is associated with and added to the current terminus of the path in at least one
successful correlation.

Node suppression allows a user to “steer” the correlation by hiding individual nodes
from the correlation method. Individual nodes in the node pool can be designated as
suppressed. In this embodiment, suppression renders a node ineligible for correlation, but
does not delete the node from the node pool. In a preferred use, nodes are suppressed by user
action in a GUI component such as a node pool editor. At any moment, the contents of any
data store manifest a state for that data store. Suppression changes the state of the node pool
as search space and knowledge domain. Suppression permits users to influence the
correlation method.

Under certain conditions, it is desirable to filter out certain possible correlation
constructions. Those filters include, but are not limited to:

(i) Duplicate node already in the correlation;
(ii) Duplicate subject in node already in the correlation;

(iii) Suppressed node;

An interesting statistics-based improved embodiment of the present invention requires
the correlation method to keep track of all terms in all nodes added to a correlation path and,
when the frequency of occurrence of any term approaches statistical significance, the
correlation method will add an independent search for sources of information about the
significant term. In this embodiment, correlation is not paused while nodes from resources
that are captured by this search are added to the node pool. Instead, nodes are added as soon
as they are generated, thereby seeking to improve later, subsequent correlation trials.

The correlation method will add, in one embodiment, an independent search for
sources of information about all terms in a list of terms provided as a file or by user input.
All terms beyond the fifth such term are used to orthogonally extend the node pool as search
space and knowledge domain. In a variation, the correlation method will add an independent
search for sources of information about a third, fourth or fifth term, or about all teﬁns in a list
of terms provided as a file or by user input, but the correlation method will limit the scope of
the search for all such terms compafed to the scope of search used by the correlation method -
for the first and/or second concept and/or term. In this embodiment, the correlation method is

applying a rule that binds the significance of a term to its ordinal position in an input stream
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Another exemplary embodiment and/or exemplary method of the present invention is
directed to the correlation method by which the knowledge discovered by the correlation is
previously undiscovered knowledge (i.e. new knowledge) or knowledge which has not
previously been known or documented, even in industry specific or academic publications.

Representation to the user of the products of correlation can include:

(i) presentation of completed correlations where the completed correlations are displayed
graphically.
(ii) presentation of completed correlations where the completed correlations are displayed
graphically and the graphical structure for presentation is that of a menu tree.
(iii) presentation of completed correlations where the completed correlations are displayed
graphically and the graphical structure for the presentation is that of a graph.
(iv) presentation of completed correlations where the completed correlations are displayed

graphically and the structure for the presentation is that of a table.

Appendix A depicts the first 4 pages of approximately 222 pages of output showing
correlations that resulted from the input terms “Gold is standard.” The entire output is

available on the accompanying CD-ROM.

While various embodiments of the present invention have been illustrated herein in
detail, it should be apparent that modifications and adaptations to those embodiments may
occur to those skilled in the art without departing from the scope of the present invention as

set forth in the following claims.
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What is claimed is:

1. A method for identifying knowledge, comprising the steps of:
a. inputting one or more terms to be explored for additional knowledge;
b. searching one or more sources of information to identify resources containing
information about or information associated with said terms;
c. decomposing resources identified during searching into nodes;
d. storing nodes in a node pool; and
e. from the node pool, construct correlations of nodes representing knowledge.

2. The method of claim 1 in which the step of inputting comprises one of the steps of:
a. typing one or more terms into a command line; or
b. inputing one or more terms into a graphical user interface; or
c. inputting a natural language description of a concept.

3. The method of claim 2 in which the step of inputting a natural language description of a
concept comprises the additional step of parsing the description into tokens to be
explored for additional knowledge.

4. The method of claim 1 in which the step of searching comprises at least one of the
following steps:
a. searching files on a personal computer;
b. searching files on one or more computers on a network; or
c. searching files on a network server.

5. The method of claim 4 in which the files are translated into files containing text.

6. The method of claim 4 in which the step of searching comprises using one or more spiders
to explore files.

7. The method of claim 6 in which a spider clones other spiders to facilitate searching.

8. The method of claim 6 in which at least one of said one or more spiders captures
information about relevancy of a resource to the terms.

9. The method of claim 6 in which at least one of said one or more spiders comprises a meta-
crawler.

10. The method of claim 1 in which said one or more sources of information comprises at
least one of :

a file system;

. the world wide web; .

. an email repository;

. attachments to email in an email repository;

. arelational data base management system;

a data warehouse;

a taxonomy;

. an ontology;

a semantic net;

a neural net;

=Irge th O QU0 O P
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J- asearch engine; and
k. an index engine.

11. The method of claim 1 in which the step of searching one or more sources of information
to identify resources containing information about said terms comprises searching at
least one of:

a. file name;

b. title of a document;

c. abstract of a document;

d. full text of a document; and
e. apool of nodes.

11A. The method of claim 1 in which said resources are one or more of:
. a portable document format (PDF) file;

. an rich text format (RTF) file;

. a word processing file;

. a Microsoft PowerPoint (PPT) file;

. a Hyper Text Markup Language (HTML) page;

a file containing an email; and

g. a file containing an email attachment.

O QO o

12. The method of claim 11 in which identifying resources containing information about said
terms comprises at least one of:
a. finding an exact match between content of a source of information and the
terms to be explored;
b. finding a singular or plural version of the terms to be explored in the
content of a source;
c. finding a synonym of the terms to be explored in the content of a source;
d. finding terms contained in a dictionary definition of a terms to be explored,
in the content of a source;
e. finding terms contained in a discussion in an authoritative source of a
terms to be explored, in the content of a source;
f. finding terms contained in a an entry in an encyclopedia discussing the
terms to be explored, in the content of a source;
g. finding terms from a taxonomy, from an ontology or from a semantic net
closely adjacent to a terms to be explored, in the content of a source;

13. The method of claim 1 in which a node comprises a data structure comprising a first
relatum, a bond and a second relatum.

14. The method of claim 13 in which the node additionally comprises a source or sequence
entry.

15. The method of claim 13 in which the step of decomposing resources containing
information about said terms into nodes comprises parsing text into linguistic units.

15A. The method of claim 15 in which the linguistic units are XML statements.

15B. The method of claim 15A in which XML headers are discarded.
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

The method of claim 15 in which the linguistic units are sentences.

The method of claim 15 in which the step of decomposing resources comprises analyzing
a linguistic unit using a natural language parser.

The method of claim 17 in which the natural language parser separates linguistic units
into words or tokens of the language and assigns a category to each word or token.

The method of claim 18 in which the natural language parser discards any characters that
are not permissible to be used in constructing words or tokens in the language.

The method of claim 18 in which words or tokens are placed into the fields of one or
more node data structures based on their category.

The method of claim 20 in which node data structures are stored in a node pool.

The method of claim 21 in which the node pool permits selection and retrieval of
individual nodes based on the contents of one or more parts of a node.

The method of claim 22 in which the node pool permits selection and retrieval using a
hash map.

The method of claim 22 in which the node pool is a database.

The method of claim 1 in which correlations of nodes representing knowledge about said
terms are constructed by linking nodes from the node pool.

The method of claim 25 in which said nodes are linked into one or more chains of nodes.

The method of claim 26 in which a chain of nodes begins with an origin node explicitly
containing a term of interest.

The method of claim 27 in which a candidate node is added to said origin node, or to a
terminus node at the end of a chain of nodes originating from said origin node when a
second relatum of the origin node or terminus node is associated with a relatum of a
candidate node.

The method of claim 28 in which the test for association is one or more of:

a. finding an exact match between a relatum of the candidate node and the

second relatum of the origin node or terminus node;

b. finding a singular or plural version of a relatum of the candidate node and a
second relatum of the origin node or terminus node;

c. finding a match between a synonym of a relatum of the candidate node and
a second relatum of the origin node or terminus node;

d. finding a match between significant terms contained in a dictionary

definition of a relatum of the candidate node and a second relatum of the

origin node or terminus node;

e. finding a match between significant terms contained in a discussion in an
authoritative source between a relatum of the candidate node and the second relatum
of the origin node or terminus node;

48



WO 2006/053306 PCT/US2005/041233

f. finding a match between significant terms contained in an entry in an

encyclopedia discussing a relatum of the candidate node and the second

relatum of the origin node or terminus node;

g. finding terms from a taxonomy, from an ontology or from a semantic net
closely adjacent to a relatum of the candidate node that match the second relatum of
the origin node or terminus node;

30. The method of claim 28 in which candidate nodes are added to form a chain until one of:
a.. a user halts correlation;
b. a set time expires;
c. said chain comprises a number of nodes greater than a specified number;
d. no further nodes in the pool can be associated with the origin node or the

terminus node of a chain;

e. a preselected term from a target node is added to the correlation; and
f. a preselected target node is added to the correlation.

31. A computer program product comprising:

a. amemory medium; and

b. programming statements stored on said memory medium for controlling a
computer to perform the functions of:
bl. inputting one or more terms to be explored for additional knowledge;
b2. searching one or more sources of information to identify resources containing
information about or information associated with said terms;
b3. decomposing resources identified during searching into nodes;
b4. storing nodes in a node pool; and
b5. from the node pool, construct correlations of nodes representing knowledge.

32. Apparatus for identifying knowledge, comprising:
a. an input mechanism inputting one or more terms to be explored for additional
knowledge;
b. a search mechanism for searching one or more sources of informa