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CREATING A MULTI-RELATIONAL
ONTOLOGY HAVING A PREDETERMINED
STRUCTURE

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 60/607,072, filed Sep. 3, 2004, which
is hereby incorporated herein by reference in its entirety. This
application is related to the following co-pending applica-
tions, each of which are hereby inculpated herein by reference
in their entirely, and each of which also claim benefit of U.S.
Provisional Patent Application No. 60/607,072: U.S. patent
application Ser. No. 11/122,066, filed May 5, 2005, entitled
“System and Method for Creating, Editing, and Using Multi-
Relational Ontologies” (U.S. Patent Application Publication
No. 20060053172); U.S. patent application Ser. No. 11/122,
007, filed May 5, 2005, entitled “System and Method for
Creating Customized Ontologies” (U.S. Patent Application
Publication No. 20060053098); U.S. patent application Ser.
No. 11/122,022, filed May 5, 2005, entitled “System and
Method for Utilizing an Upper Ontology in the Creation of
One or More Multi-Relational Ontologies” (U.S. Patent
Application Publication No. 20060074832); U.S. patent
application Ser. No. 11/122,021, filed May 5, 2005, entitled
“System and Method for Graphically Displaying Ontology
Data” (U.S. Patent Application Publication No.
20060074836); U.S. patent application Ser. No. 11/122,068,
filed May 5, 2005, entitled “System and Method for Data
Extraction and Management in Multi-Relational Ontology
Creation” (U.S. Patent Application Publication No.
20060053174); U.S. patent application Ser. No. 11/022,056,
filed May 5, 2005, entitled “System and Method for Curating
One or more Multi-Relational Ontologies” (U.S. Patent
Application Publication No. 20060053171); U.S. patent
application Ser. No. 11/122,069, filed May 5, 2005, entitled
“System and Method for Creation and Maintenance” (U.S.
Patent Application Publication No. 20060053175); U.S.
patent application Ser. No. 11/122,026, filed May 5, 2005,
entitled “System and Method for Facilitating User Interaction
with Multi-Relational Ontolgies” (U.S. Patent Application
Publication No. 20060053382; U.S. patent application Ser.
No. 11/121,981, filed May 5, 2005, entitled “System and
Method for Exploring Paths Between Concepts within Multi-
Relational Ontologies” (U.S. Patent Application Publication
No. 20060053135); U.S. patent application Ser. No. 11/121,
965, filed May 5, 2005, entitled “System and Method for
Parsing and/or Exporting Data from One or More Multi-
Relational Ontologies” (U.S. Patent Application Publication
No. 20060053170); U.S. patent application Ser. No. 11/122,
067, filed May 5, 2005, entitled “System and Method for
Support of Chemical Data within Multi-Relational Ontolo-
gies”(U.S.  Patent  Application  Publication = No.
20060053173); U.S. patent application Ser. No. 11/122,055,
filed May 5, 2005, entitled “System and Method for Notifying
User of Changes in Multi-Relational Ontologies”(U.S. Patent
Application Publication No. 20060074833); and U.S. patent
application Ser. No. 11/122,121, filed May 5, 2005, entitled
“System and Method for Capturing Knowledge for Integra-
tion into One More Multi-Relational Ontologies” (U.S.
Patent Application Publication No. 20060053099.

FIELD OF THE INVENTION

The invention relates generally to a system and method for
creating one or more multi-relational ontologies with a spe-
cific structure.
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2
BACKGROUND OF THE INVENTION

Knowledge within a given domain may be represented in
many ways. One form ofknowledge representation may com-
prise a list representing all available values for a given sub-
ject. For example, knowledge in the area of “human body
tissue types” may be represented by a list including “hepatic
tissue,” “muscle tissue,” “epithelial tissue,” and many others.
To represent the total knowledge in a given domain, a number
of lists may be needed. For instance, one list may be needed
for each subject contained in a domain. Lists may be useful
for some applications, however, they generally lack the abil-
ity to define relationships between the terms comprising the
lists. Moreover, the further division and subdivision of sub-
jects in a given domain typically results in the generation of
additional lists, which often include repeated terms, and
which do not provide comprehensive representation of con-
cepts as a whole.

Some lists, such as structured lists, for example, may
enable computer-implemented keyword searching. The shal-
low information store often contained in list-formatted
knowledge, however, may lead to searches that return incom-
plete representations of a concept in a given domain.

An additional method of representing knowledge is
through thesauri. Thesauri are similar to lists, but they further
include synonyms provided alongside each list entry. Syn-
onyms may be useful for improving the recall of a search by
returning results for related terms not specifically provided in
a query. Thesauri still fail, however, to provide information
regarding relationships between terms in a given domain.

Taxonomies build on thesauri by adding an additional level
of relationships to a collection of terms. For example, taxono-
mies provide parent-child relationships between terms.
“Anorexia is-a eating disorder” is an example of a parent-
child relationship via the “is-a” relationship form. Other par-
ent-child relationship forms, such as “is-a-part-of” or “con-
tains,” may be used in a taxonomy. The parent-child
relationships of taxonomies may be useful for improving the
precision of a search by removing false positive search
results. Unfortunately, exploring only hierarchical parent-
child relationships may limit the type and depth of informa-
tion that may be conveyed using a taxonomy. Accordingly, the
use of lists, thesauri, and taxonomies present drawbacks for
those attempting to explore and utilize knowledge organized
in these traditional formats.

Additional drawbacks may be encountered when searches
of electronic data sources are conducted. As an example,
searches of electronic data sources typically return a volumi-
nous amount of results, many of which tend to be only mar-
ginally relevant to the specific problem or subject being inves-
tigated. Researchers or other individuals are then often forced
to spend valuable time sorting through a multitude of search
results to find the most relevant results. It is estimated, for
example, that scientists spend 20% of their time searching for
information existing in a particular area. This is time that
highly-trained investigative researchers must spend simply
uncovering background knowledge. Furthermore, when an
electronic search is conducted, data sources containing
highly relevant information may not be returned to a
researcher because the concept sought by the researcher is
identified by a different set of terms in the relevant data
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source. This may lead to an incomplete representation of the
knowledge in a given subject area. These and other drawbacks
exist.

SUMMARY OF THE INVENTION

The invention addresses these and other drawbacks.
According to one embodiment, the invention relates to a
system and method for creating one or more multi-relational
ontologies with a specific structure. According to one aspect
of the invention, the one or more ontologies may be domain
specific ontologies that may be used individually or collec-
tively, in whole or in part, based on user preferences, user
access rights, or other criteria.

As used herein, a domain may include a subject matter
topic such as, for example, a disease, an organism, a drug, or
other topic. A domain may also include one or more entities
such as, for example, a person or group of people, a corpora-
tion, a governmental entity, or other entities. A domain
involving an organization may focus on the organization’s
activities. For example, a pharmaceutical company may pro-
duce numerous drugs or focus on treating numerous diseases.
An ontology built on the domain of that pharmaceutical com-
pany may include information on the company’s drugs, their
target diseases, or both. A domain may also include an entire
industry such as, for example, automobile production, phar-
maceuticals, legal services, or other industries. Other types of
domains may be used.

As described below, the contents and structure of an ontol-
ogy may enable the invention to be used as a tool in various
ways. The breadth of data provided by ontologies structured
according to the invention may provide ease and accuracy of
functionality, as well as robustness of data representation for
knowledge in any number of domains.

As used herein, an ontology may comprise a collection of
assertions. An assertion may include a pair of concepts that
have some specified relationship. One aspect of the invention
relates to the creation of a multi-relational ontology. A multi-
relational ontology is an ontology containing pairs of related
concepts. For each pair of related concepts there may be a
broad set of descriptive relationships connecting them. As
each concept within each pair may also be paired (and thus
related by multiple descriptive relationships) with other con-
cepts within the ontology, a complex set of logical connec-
tions is formed. These complex connections provide a com-
prehensive “knowledge network™ of what is known directly
and indirectly about concepts within a single domain. The
knowledge network may also be used to represent knowledge
between and among multiple domains. This knowledge net-
work enables discovery of complex relationships between the
different concepts or concept types in the ontology. The
knowledge network enables, inter alia, queries involving both
direct and indirect relationships between multiple concepts
such as, for example, “show me all genes expressed-in liver
tissue that-are-associated-with diabetes.”

Another aspect of the invention relates to specifying each
concept type and relationship type that may exist in an ontol-
ogy. These concept types and relationship types may be
arranged according to a structured organization. This struc-
tured organization may include defining the set of possible
relationships that may exist for each pair of concept types
(e.g., two concept types that can be related in one or more
ways). In one embodiment, this set of possible relationships
may be organized as a hierarchy. The hierarchy may include
one or more levels of relationships and/or synonyms. In one
embodiment, the set of possible concept types and the set of
possible relationships that can be used to relate each pair of
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concept types may be organized as an ontology. As detailed
below, these organizational features (as well as other features)
enable novel uses of multi-relational ontologies that contain
knowledge within a particular domain.

Concept types may themselves be concepts within an
ontology (and vice versa). For example, the term “muscle
tissue” may exist as a specific concept within an ontology, but
may also be considered a concept type within the same ontol-
ogy, as there may be different kinds of muscle tissue repre-
sented within the ontology. As such, a pair of concept types
that can be related in one or more ways may be referred to
herein as a “concept pair.” Thus, reference herein to “concept
pairs” and “concepts” does not preclude these objects from
retaining the qualities of both concepts and concept types.

According to one embodiment of the invention, the com-
puter implemented system may include an upper ontology, an
extraction module, a rules engine, an editor module, one or
more databases and servers, and a user interface module.
Additionally, the system may include one or more of a quality
assurance module, a publishing module, a path-finding mod-
ule, an alerts module, and an export manager. Other types of
modules may also be used.

According to one embodiment, the upper ontology may
store rules regarding the concept types that may exist in an
ontology, the relationship types that may exist in an ontology,
the specific relationship types that may exist for a given pair
of concept types, and the types of properties that those con-
cepts and relationships may have.

Separate upper ontologies may be used for specific
domains. For example, an upper ontology may include a
domain specific set of possible concept types and relationship
types as well as a definition of which relationship types may
be associated with a given concept type.

The upper ontology may also store data source informa-
tion. For example, the data source information may include
information regarding which data source(s) evidence one or
more assertions. The information may include one or more of
the name of the data source, the data source version, and one
ormore characteristics of the data source (e.g., is it structured,
unstructured, or semi-structured; is it public or private; and
other characteristics). The data source information may also
include content information that indicates what content is
contained in the data source and what can be pulled from the
data source. Data source information may also include data
regarding licenses (term, renewal dates, or other information)
foraccess to a data source. Other data source information may
also be used.

The system may have access to various data sources. These
data sources may be structured, semi-structured, or unstruc-
tured data sources. The data sources may include public or
private databases; books, journals, or other textual materials
in print or electronic format; websites, or other data sources.
In one embodiment, data sources may also include one or
more searches of locally or remotely available information
stores, including, for example, hard drives, email reposito-
ries, shared files systems, or other information stores. These
information stores may be useful when utilizing an organiza-
tion’s internal information to provide ontology services to the
organization. From this plurality of data sources, a “corpus”
of documents may be selected. A corpus may include a body
of documents within the specific domain from which one or
more ontologies are to be constructed. As used herein, the
term “document” is used broadly and is not limited to text-
based documents. For example, it may include database
records, web pages, and much more.

A variety of techniques may be used to select the corpus
from the plurality of data sources. For example, these tech-



US 7,496,593 B2

5

niques may include one or more of manual selection, a search
of metadata associated with documents (metasearch), an
automated module for scanning document content (e.g., spi-
der), or other techniques. A corpus may be specified for any
one or more ontologies, out of the data sources available,
through any variety of techniques. For example, in one
embodiment, a corpus may be selected using knowledge
regarding valid contexts and relationships in which the con-
cepts within the documents can exist. This knowledge may be
iteratively supplied by an existing ontology.

The upper ontology may also include curator information.
As detailed below, one or more curators may interact with the
system. The upper ontology may store information about the
curator and curator activity.

In one embodiment of the invention, a data extraction mod-
ule may be used to extract data, including assertions, from one
or more specified data sources. For different ontologies, dif-
ferent data sources may be specified. The rules engine, and
rules included therein, may be used by the data extraction
module for this extraction. According to one embodiment, the
data extraction module may perform a series of steps to
extract “rules-based assertions” from one or more data
sources. These rules-based assertions may be based on con-
cept types and relationship types specified in the upper ontol-
ogy, rules in the rules engine, or other rules.

Some rules-based assertions may be “virtual assertions.”
Virtual assertions may be created when data is extracted from
certain data sources (usually structured data sources). In one
embodiment, one or more structured data sources may be
mapped to discern their structure. The resultant “mappings”
may be considered rules that may be created using, and/or
utilized by, the rules engine. Mappings may include rules that
bind two or more data fields from one or more data sources
(usually structured data sources). The specific assertions cre-
ated by mappings may not physically exist in the data sources
in explicit linguistic form (hence, the term “virtual asser-
tion”), they may be created by applying a mapping to the
structured data sources.

Virtual assertions and other rules-based assertions
extracted by the extraction module may be stored in one or
more databases. For convenience, this may be referred to as a
“rules-based assertion store.” According to another aspect of
the invention, various types of information related to an asser-
tion may be extracted by the extraction module and stored
with the virtual assertions or other assertions within the rules-
based assertion store.

In one embodiment, properties may be extracted from the
corpus and stored with concept, relationship and assertion
data. Properties may include one or more of the data source
from which a concept was extracted, the type of data source
from which it was extracted, the mechanism by which it was
extracted, when it was extracted, the evidence underlying
concepts and assertions, confidence weights associated with
concepts and assertions, and/or other information. In addi-
tion, each concept within an ontology may be associated with
a label, at least one relationship, at least one concept type,
and/or any number of other properties. In some embodiments,
properties may indicate specific units of measurement.

In one embodiment, certain concepts may also be associ-
ated with quantitative values. For example, a concept that
happens to be a chemical compound may be associated with
its particular molecular weight. In some embodiments, quan-
titative values may also be associated with whole assertions
(rather than individual concepts). For example, a statement
“gene x is up-regulated in tissue y, by five times” may lead to
the assertion “gene x is-up-regulated-in tissue y,” which is
itself associated with the quantitative value “5X.”
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In some embodiments, concepts in a multi-relational ontol-
ogy may include documents themselves or parts thereof. Con-
cepts may also include a person. Concepts that are people
may be associated with various characteristics of that person
such as, for example, the person’s name, telephone number,
business address, education history, employment history, or
other characteristic.

Depending on the type of data source, different steps or
combinations of steps may be performed to extract assertions
(and related information) from the data sources. For example,
for documents originating from structured data sources, the
data extraction module may discern (or rules may be stored to
mayp) the structure of'a particular structured data source, parse
the structured data source, apply mappings, and extract con-
cepts, relationships, assertions, and other information there
from.

For documents originating from unstructured data and/or
semi-structured data sources, a more complex procedure may
be necessary or desired. This may include various automated
text mining techniques. As one example, it may be particu-
larly advantageous to use ontology seeded natural language
processing. Other steps may be performed. For example, if
the document is in paper form or hard copy, optical character
recognition (OCR) may be performed on the document to
produce electronic text. Once the document is formatted as
electronic text, linguistic analysis may be performed. Lin-
guistic analysis may include natural language processing
(NLP) or other text-mining techniques. Linguistic analysis
may identify potentially relevant concepts, relationships, or
assertions by tagging parts of speech within the document
such as, for example, subjects, verbs, objects, adjectives,
pronouns, or other parts of speech.

In some embodiments, linguistic analysis may be “seeded”
with a priori knowledge from the knowledge domain for
which one or more ontologies are to be built. A priori knowl-
edge may include one or more documents, an ontology (for
ontology-seeded NLP), or other information source that sup-
plies information known to be relevant to the domain. This a
priori knowledge may aid NLP by, for example, providing
known meaningful terms in the domain (and, in the case of
ontology-seeded NLP, the connections there between). These
meaningful terms may be used to search for valid concept,
relationship, and assertion information in documents on
which linguistic analysis is being performed. In ontology-
seeded NLP, this a priori knowledge may include domain
knowledge from an existing ontology to inform the system as
to what speech patterns to look for (knowing that these speech
patterns will likely generate high quality assertions).

Linguistic analysis, including NLP, may enable recogni-
tion of complex linguistic formations, such as context frames,
that may contain relevant assertions. A context frame may
include the unique relationships that only exist when certain
concepts (usually more than two) are considered together.
When one concept within a context frame is removed, certain
relationships disappear. For example, the text “the RAF gene
was up-regulated in rat hepatocyes in the presence of lovas-
tatin” includes three concepts linked by a single frame of
reference. If one is removed, all assertions in the frame cease
to exist. The system of the invention enables these and other
linguistic structures to be identified, associated together in a
frame, and represented in an ontology.

In one embodiment, web crawlers may also be used to
gather concept, relationship, assertion, and other information
from websites or other documents for use in an ontology.
Gathering information from websites may include utilizing
meta-search engines configured to construct searches against
a set of search engines such as, for example, Google, Lycos,



US 7,496,593 B2

7

or other search engine. A selective “spider” may also be used.
This spider may look at a set of web pages for specified terms.
Ifthe spider finds a term in a page, it may include the page in
the corpus. The spider may be configured to search external
links (e.g., a reference to another page), and may jump to the
linked page and search it as well. Additionally, a hard drive
crawler may be used to search hard drives or other informa-
tion stores in a manner similar to the spider. The hard drive
crawler may pull documents such as, for example, presenta-
tions, text documents, e-mails or other documents.

In one embodiment, rules may be applied to the documents
to generate rules-based assertions from the tagged and/or
parsed concept, relationship, assertion, or other information
within the corpus. The upper ontology of concept and rela-
tionship types may be used by the rules to guide the genera-
tion of these rules-based assertions.

Disambiguation may be applied as part of rule-based asser-
tion generation. Disambiguation may utilize semantic diver-
gence of single terms to correctly identify concepts relevant
to the ontology. For a term that may have multiple meanings,
disambiguation may discern what meanings are relevant to
the specific domain for which one or more ontologies are to be
created. The context and relationships around instances of a
term (lexical label) may be recognized and utilized for dis-
ambiguation. For example, rules used to create a disease-
based ontology may create the rules-based assertion “cancer
is-caused-by smoking” upon tagging the term “cancer” in a
document. However, the same rules may tag the term “can-
cer,” but may recognize that the text “cancer is a sign of the
zodiac” does not contain relevant information for a disease-
based ontology.

Another example that is closely wed to ontology seeded
NLP may include the text “compound x eradicates BP.” BP
could be an acronym for Blood Pressure, or Bacillus Preu-
moniae, but since it does not make sense to eradicate blood
pressure (as informed by an ontology as a priori knowledge),
the system can disambiguate the acronym properly from the
context to be Bacillus pneumoniae. This is an example of
using the relationships in the multi-relational ontology as a
seed as well as the concept types and specific instances. In
practical terms, the ERADICATES relation may only occur
between COMPOUND to ORGANISM, and not between
COMPOUND to PHYSIOLOGICAL PHENOMENON.

The knowledge that underpins decisions such as these may
be based on a full matrix analysis of previous instances of
terms and/or verbs. The number of times a given verb con-
nects all pairs of concept types may be measured and used as
a guide to the likely validity of a given assertion when it is
identified. For example, the verb “activates” may occur 56
times between the concept pair COMPOUND and BIO-
CHEMICAL PROCESS, but never between the concept pair
COMPOUND and PHARMACEUTICAL COMPANY. This
knowledge may be utilized by rules and/or curators to iden-
tify, disambiguate assertions, and/or for other purposes.

As mentioned above, the application of rules may be
directed by the upper ontology. In defining relationship types
that can exist in one or more domain specific ontologies and
the rules that can be used for extraction and creation of rule-
based assertions, the upper ontology may factor in semantic
variations of relationships. Semantic variations may dictate
that different words may be used to describe the same rela-
tionship. The upper ontology may take this variation into
account. Additionally, the upper ontology may take into
account the inverse of each relationship type used. As a result,
the vocabulary for assertions being entered into the system is
accurately controlled. By enabling this rich set of relation-
ships for a given concept, the system of the invention may
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connect concepts within and across domains, and may pro-
vide a comprehensive knowledge network of what is known
directly and indirectly about each particular concept.

The upper ontology may also enable flags that factor nega-
tion and inevitability of relationships into specific instances
of assertions. In some embodiments, certain flags (e.g., nega-
tion, uncertainty, or others) may be used with a single form of
a relationship to alter the meaning of the relationship. For
example, instead of storing all the variations of the relation-
ship “causes” (e.g., does-not-cause, may-cause) the upper
ontology may simply add one or more flags to the root form
“causes” when specific assertions require one of the varia-
tions. For example, a statement from a document such as
“compound X does not cause disease Y’ may be initially
generated as the assertion “compound X causes disease Y.”
The assertion may be tagged with a negation flag to indicate
that the intended sense is “compound X does-not-cause dis-
easeY.” Similarly, an inevitability flag may be used to indicate
that there is a degree of uncertainty or lack of complete
applicability about an original statement, e.g., “compound X
may-cause disease Y.” These flags can be used together to
indicate that “compound X may-not-cause disease Y.” Inverse
relationship flags may also be utilized for assertions repre-
senting inverse relationships. For example, applying an
inverse relationship flag to the relationship “causes” may
produce the relationship “is-caused-by.” Other flags may be
used alone or in combination with one another.

In one embodiment, the system and/or a curator may curate
assertions by undertaking one or more actions regarding
assertions within the rules-based assertion store. Examples of
actions/processes of curation may include, for example,
reifying/validating rules-based assertions (which entails
accepting individual, many, or all assertions created by a rule
or mapping), identifying new assertions (including those cre-
ated by inferencing methods), editing assertions, or other
actions.

In some embodiments, the actions undertaken in curation
may be automated, manual, or a combination of both. For
example, manual curation processes may be used when a
curator has identified a novel association between two con-
cepts in an ontology that has not previously been present at
any level. The curator may directly enter these novel asser-
tions into an ontology in a manual fashion. Manually created
assertions are considered automatically validated because
they are the product of human thought. However, they may
still be subject to the same or similar semantic normalization
and quality assurance processes as rules-based assertions.

Automated curation processes may be conducted by rules
stored by the rules engine. Automated curation may also
result from the application of other rules, such as extraction
rules. For example, one or more rules may be run against a
corpus of documents to identify and extract rules-based asser-
tions. If a rule has been identified as sufficiently accurate
(e.g., >98% accurate as determined by application against a
test-corpus), the rules-based assertions that it extracts/gener-
ates may be automatically considered curated without further
validation. Ifa rule falls below this (or other) accuracy thresh-
old, the assertions it extracts/generates may be identified as
requiring further attention. A curator may choose to perform
further validation by applying a curation rule or by validating
the assertions manually. Automated curation of virtual asser-
tions may be accomplished in a similar fashion. If a mapping
(rule) is identified as performing above a certain threshold, a
curator may decide to reify or validate all of the virtual asser-
tions in one step. A curator may also decide to reify them
individually or in groups.
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In some embodiments, curators may also work with and
further annotate reified assertions in the same way as rule-
based assertions.

Throughout the invention, it may be desirable to document
through evidence and properties, the mechanisms by which
assertions were created and curated. As such, curator infor-
mation (e.g., who curated and what they did) may be associ-
ated with assertions. Accordingly, curators or other persons
may filter out some or all assertions based on curator infor-
mation, confidence scores, inference types, rules, mecha-
nisms, and/or other properties.

In one embodiment, curation processes may utilize an edi-
tor module. The editor module may include an interface
through which a curator interacts with various parts of the
system and the data contained therein. The editor module may
be used to facilitate various functions. For example, the editor
module may enable a curator or suitably authorized indi-
vidual to engage in various curation processes. Through these
curation processes, one or more curators may interact with
rules-based assertions and/or create new assertions. Interact-
ing with rules-based assertions may include one or more of
viewing rules-based assertions and related information (e.g.,
evidence sets), reifying rules-based assertions, editing asser-
tions, rejecting the validity of assertions, or performing other
tasks. In one embodiment, assertions whose validity has been
rejected may be retained in the system alongside other “dark
nodes” (assertions considered to be untrue), which are
described in greater detail below. The curator may also use the
editor module to create new assertions. In some embodi-
ments, the editor module may be used to define and coordi-
nate some or all automated elements of data (e.g., concept,
relationship, assertion) extraction.

Curation processes may produce a plurality of reified
assertions. Reified assertions may be stored in one or more
databases. For convenience, this may be referred to as the
reified assertion store. The reified assertion store may also
include assertions resulting from manual creation/editing,
and other non-rule based assertions. The rules-based asser-
tion store and the reified assertion store may exist in the same
databases or may exist in separate databases. Both the rules-
based assertion store and the reified assertion store may be
queried by SQL or other procedures. Additionally, both the
rules-based and reified assertions stores may contain version
information. Version information may include information
regarding the contents of the rules-based and/or reified asser-
tion stores at particular points in time.

In one embodiment, a quality assurance module may per-
form various quality assurance operations on the reified asser-
tion store. The quality assurance module may include a series
of rules, which may be utilized by the rules engine to test the
internal and external consistency of the assertions that com-
prise an ontology. The tests performed by these rules may
include, for example, certain “mundane” tests such as, for
example, tests for proper capitalization or connectedness of
individual concepts (in some embodiments, concepts may be
required to be connected to at least one other concept). Other
tests may exist such as, for example, tests to ensure that
concept typing is consistent with the relationships for indi-
vidual concepts (upstream process/elements such as, for
example, various rules and/or the upper ontology generally
ensure that these will already be correct, but they still may be
checked). More complex tests may include those that ensure
semantic consistency. For example, if an individual concept
shares 75% of its synonyms with another individual concept,
they may be candidates for semantic normalization, and
therefore may be flagged for manual curation.
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A publishing module may then publish reified assertions as
a functional ontology. In connection with publication of rei-
fied assertions, the reified assertion store may be converted
from a node-centered edit schema, to a graph-centered
browse schema. In some embodiments, virtual assertions
derived from structured data sources may not be considered
“reified.” However, if these virtual assertions are the product
ot'high percentage rules/mappings, they may not require sub-
stantive reification during curation and may achieve a nomi-
nal “reified” status upon preparation for publication. As such,
the conversion from browse schema to edit schema may also
serve to reify any of the remaining un-reified virtual asser-
tions in the system (at least those included in publication).

Publication and/or conversion (from edit to browse
schema) may occur whenever it is desired to “freeze” a ver-
sion of an ontology as it exists with the information accumu-
lated at that time and use the accumulated information
according to the systems and methods described herein (or
with other systems or methods). In some embodiments, the
publishing module may enable an administrative curator or
other person with appropriate access rights to indicate that the
information as it exists is to be published and/or converted
(from edit to browse schema). The publishing module may
then perform the conversion (from edit to browse schema)
and may load a new set of tables (according to the browse
schema) in a database. In some embodiments, data stored in
the browse schema may be stored in a separate database from
the data stored in an edit schema. In other embodiments, it
may be stored in the same database.

During extraction and curation, assertions may be stored in
an edit schema using a node-d centered approach. Node-
centered data focuses on the structural and conceptual frame-
work of the defined logical connection between concepts and
relationships. In connection with publication, however, asser-
tions may be stored in a browse schema using a graph-cen-
tered approach.

Graph-centered views of ontology data may include the
representation of assertions as concept-relationship-concept
(CRC) “triplets.” In these triplets, two nodes are connected by
anedge, herein the nodes correspond to concepts and the edge
corresponds to a relationship.

In one embodiment, CRC triplets may be used to produce
a directed graph representing the knowledge network con-
tained in one or more ontologies. A directed graph may
include two or more interconnected CRC triplets that poten-
tially form cyclic paths of direct and indirect relationships
between concepts in an ontology or part thereof.

The elements and processes described above may be uti-
lized in whole or in part to generate and publish one or more
multi-relational, domain-specific ontologies. In some
embodiments, not all elements or processes may be neces-
sary. The one or more ontologies may be then used, collec-
tively or individually, in whole or in part, as described below.

Once one or more ontologies are published, they can be
used in a variety of ways. For example, one or more users may
view one or more ontologies and perform other knowledge
discovery processes via a graphical user interface (GUI) as
enabled by a user interface module. A path-finding module
may enable the paths of assertions existing between concepts
of an ontology to be selectively navigated. A chemical sup-
port module may enable the storage, manipulation, and use of
chemical structure information within an ontology. Also, the
system may enable a service provider to provide various
ontology services to one or more entities, including exporta-
tion of one or more ontologies (or portions thereof), the
creation of custom ontologies, knowledge capture services,
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ontology alert services, merging of independent taxonomies
or existing ontologies, optimization of queries, integration of
data, and/or other services.

These and other objects, features, and advantages of the
invention will be apparent through the detailed description of
the preferred embodiments and the drawings attached hereto.
It is also to be understood that both the foregoing general
description and the following detailed description are exem-
plary and not restrictive of the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exemplary illustration of a portion of an ontol-
ogy in the biomedical domain, according to an embodiment
of the invention.

FIG. 2 is an exemplary illustration of a concept pair and a
set of relationships according to an embodiment of the inven-
tion.

FIG. 3A is an exemplary illustration of a concept pair and
a hierarchy of relationships according to an embodiment of
the invention.

FIG. 3B is an exemplary illustration of a concept pair and
a hierarchy of relationships according to an embodiment of
the invention.

FIG. 4 is an exemplary illustration of an ontological orga-
nization of a central concept type and the possible relation-
ships that may exist between the central concept type and
other concept types in a domain.

FIG. 5 is an exemplary illustration of an upper ontology
containing a hierarchy of concept types according to an
embodiment of the invention.

FIG. 6A is an exemplary illustration of normalized rela-
tionships and their accompanying concept types according to
an embodiment of the invention.

FIG. 6B is an exemplary illustration of tagged document
content according to an embodiment of the invention.

FIG. 6C is an exemplary illustration of the use of inferenc-
ing to identify concept types according to an embodiment of
the invention.

FIG. 7 is an exemplary illustration of a complex linguistic
structure associated in a frame according to an embodiment
of the invention.

FIG. 8 is an exemplary illustration of a multi-relational
ontology according to an embodiment of the invention.

FIG. 9A illustrates an exemplary document viewer inter-
face, according to an embodiment of the invention.

FIG. 9B illustrates an exemplary chart of ontology creation
processes according to an embodiment of the invention.

FIG. 10 is an exemplary illustration of a concept-relation-
ship-concept triplet according to an embodiment of the inven-
tion.

FIG. 11 illustrates an exemplary interface, according to an
embodiment of the invention.

FIG. 12 illustrates an exemplary interface, according to an
embodiment of the invention.

FIG. 13 illustrates an exemplary interface, according to an
embodiment of the invention.

FIG. 14 illustrates an exemplary interface, according to an
embodiment of the invention.

FIG. 15A is an exemplary illustration of a clustered cone
graph according to an embodiment of the invention.

FIG. 15B is an exemplary illustration of a merged graph
according to an embodiment of the invention.

FIG. 16 illustrates an exemplary interface, according to an
embodiment of the invention.

FIG. 17 is an exemplary illustration of a clustered cone
graph according to an embodiment of the invention.
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FIG. 18 illustrates an exemplary interface, according to an
embodiment of the invention.

FIG. 19 illustrates an exemplary interface, according to an
embodiment of the invention.

FIG. 20 illustrates an exemplary interface, according to an
embodiment of the invention.

FIG. 21 illustrates an exemplary interface, according to an
embodiment of the invention.

FIG. 22 illustrates an exemplary interface, according to an
embodiment of the invention.

FIG. 23 illustrates an exemplary interface, according to an
embodiment of the invention.

FIG. 24 illustrates a flowchart of processing for filtering
ontology data, according to an embodiment of the invention.

FIG. 25 illustrates an exemplary export interface, accord-
ing to an embodiment of the invention.

FIG. 26A illustrates an exemplary export interface, accord-
ing to an embodiment of the invention.

FIG. 268 illustrates an exemplary interface, according to
an embodiment of the invention.

FIG. 26C illustrates an exemplary process for constructing
custom ontologies according embodiment of the invention.

FIG. 27A illustrates a flowchart of processing for exporting
ontology data, according to the invention.

FIG. 27B is a schematic diagram depicting a system for
performing knowledge capture, according to an embodiment
of the invention.

FIG. 28 is a schematic representation depicting two or
more individual taxonomies merged into an independent
taxonomic representation, according to an embodiment of the
invention.

FIG. 29 is a schematic representation of a system for sup-
porting chemical structures within an ontology according to
an embodiment of the invention.

FIG.30A is an exemplary illustration of chemical structure
search results according to an embodiment of the invention.

FIG. 30B is an exemplary illustration of a customizable
information interface according to an embodiment of the
invention.

FIG. 31 illustrates an exemplary chemical structure editing
interface, according to an embodiment of the invention.

FIG. 32 illustrates exemplary chemical structure inter-
faces, according to an embodiment of the invention.

FIG. 33A illustrates a schematic diagram of a system for
creating, maintaining, and providing access to one or more
ontologies, according to an embodiment of the invention.

FIG. 33B illustrates a schematic diagram of a system for
creating, maintaining, and providing access to one or more
ontologies, according to an embodiment of the invention.

FIG. 34 is a schematic diagram depicting an overview of
the loading, curating, and publication processes, according to
an embodiment of the invention.

DETAILED DESCRIPTION

A computer-implemented system and method is provided
for enabling the creation, editing, and use of comprehensive
knowledge networks in limitless knowledge domains in the
form of more or more multi-relational ontologies. These
multi-relational ontologies may be used individually or col-
lectively, in whole or in part, based on user preferences, user
access rights, or other criteria.

This invention deals with one or more domain-specific
ontologies. As used herein, a domain may include a subject
matter topic such as, for example, a disease, an organism, a
drug, or other topic. A domain may also include one or more
entities such as, for example, a person or group of people, a
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corporation, a governmental entity, or other entities. A
domain involving an organization may focus on the organi-
zation’s activities. For example, a pharmaceutical company
may produce numerous drugs or focus on treating numerous
diseases. An ontology built on the domain of that pharmaceu-
tical company may include information on the company’s
drugs, their target diseases, or both. A domain may also
include an entire industry such as, for example, automobile
production, pharmaceuticals, legal services, or other indus-
tries. Other types of domains may be used.

As used herein, an ontology may include a collection of
assertions. An assertion may include a pair of concepts that
have some specified relationship. One aspect of the invention
relates to the creation of a multi-relational ontology. A multi-
relational ontology is an ontology containing pairs of related
concepts. For each pair of related concepts, there may be a
broad set of descriptive relationships connecting them.
Descriptive relationships are one characteristic of the inven-
tion that sets multi-relational ontologies apart from other data
structures, in that a richer and more complex collection of
information may be collected and stored. Each concept within
each concept pair may also be paired with other concepts
within the ontology (and thus related by multiple descriptive
relationships). As such, a complex set of logical connections
is formed. These complex connections provide a comprehen-
sive “knowledge network™ of what is known directly and
indirectly about concepts within a single domain. The knowl-
edge network may also be used to represent knowledge
between and among multiple domains. This knowledge net-
work enables discovery of complex relationships between the
different concepts or concept types in the ontology. The
knowledge network also enables, inter alia, queries involving
both direct and indirect relationships between multiple con-
cepts such as, for example, “show me all genes expressed-in
liver tissue that-are-associated-with diabetes.”

FIG. 1 is an exemplary diagram illustrating an ontology
100 in the biomedical domain. Ontology 100 includes various
concepts and some of the relationships that connect them. The
concepts in exemplary ontology 100 may also represent con-
cept types. Forexample, a concept 104 represents the concept
“protein.” However, “protein” is also a concept type in that
many different individual proteins may exist in a biomedical
ontology.

Accordingly, concept types may themselves be concepts
within an ontology (and vice versa). For example, the term
“muscle tissue” may exist as a specific concept within an
ontology, but may also be considered a concept type within
the same ontology, as there may be different kinds of muscle
tissue represented within the ontology. As such, a pair of
concept types that can be related in one or more ways may be
referred to herein as a “concept pair.” Thus, reference herein
to “concept pairs” and “concepts” does not preclude these
objects from retaining the qualities of both concepts and
concept types.

As depicted in ontology 100, concept 104 (“protein”), and
a concept 108 (“gene”) may be connected by a relationship
110, “is-coded-by,” because, in general, proteins are coded by
genes. When concepts 104 and 108 are regarded simply as
concepts, the relationship 110 “is-coded-by” exists. How-
ever, when concepts 104 and 108 are regarded as concept
types, relationship 110 may only exist when certain pairs of
concepts exist simultaneously in concept 104 and concept
108 (as there are a myriad of proteins that may exist as
concept 104 and a myriad of genes that may exist as concept
108). For example, because is it known that Human Myoglo-
bin alpha protein is encoded by Human Hemoglobin alpha
gene, ontology 100 may contain the relationship “is-coded-
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by” between concept 104 and concept 108 when concept 104
equals “Human Myoglobin alpha protein” and concept 108
equals “Human Hemoglobin alpha gene.”

Given the following qualities of the invention: (1) there
may be numerous relationships that can exist between two
concept types (ontology 100 illustrates only one relationship
and its inverse, many more may exist); (2) there may be
numerous concept types included in a single ontology (ontol-
ogy 100 illustrates only a portion of identified concept types
for a biomedical domain); and (3) there can be numerous
concepts of each concept type (hundreds, thousands, hun-
dreds of thousands, possibly millions); the wealth of asser-
tions that may exist in a given, multi-relational ontology
provides vast organized knowledge networks which may
enable any number of uses, some of which are described
herein.

Many of the figures and examples used herein (including
FIG. 1) illustrate embodiments of the invention directed
toward a biomedical domain. It should be understood, how-
ever, that the invention enables ontologies to be created and
maintained in any contemplated domain.

One aspect of the invention relates to specifying each con-
cept type and relationship type that may exist in the ontology.
Typing concepts in an ontology, for example, enables one to
understand what the concepts are, what properties they are
likely to have, and which relationships can connect them.
Another aspect of the invention relates to providing a struc-
tured organization for specified concept and relationship
types. This structured organization may include defining the
possible relationships that may exist for each pair of concept
types (e.g., two concept types that can be related in one or
more ways).

FIG. 2 is an exemplary illustration wherein a concept pair
201 comprises a concept 205 and a concept 207. Concept pair
201 may have possible relationships 203a-» that may exist
between the concept types therein. In the example illustrated
in FIG. 2, concept 205 is of concept type “gene” and concept
207 is of concept type “disease.” The actual relationships that
exist between the concepts of concept pair 201 may vary with
the identity of the actual concepts that occur as concepts 205
and 207. For example, if concept 205 were “ApoE4” (a spe-
cific gene), the actual relationships that exist in an ontology
differs depending on whether concept 207 were “Alzheimer’s
Disease” or “Liver Disease” (both of which are specific dis-
eases).

In some embodiments, the possible relationships for a
unique concept pair may be expressed as a relationship hier-
archy. A relationship hierarchy may enable an observer, given
one specific form ofarelationship, to generalize itto its parent
to ascertain what other forms that relationship may take (e.g.,
synonymous relationships), and furthermore aggregate all of
the various examples of that type of relationship, even if it can
be expressed differently. The hierarchy may include one or
more levels of relationships and/or synonyms. These and
other features enable novel uses of the multi-relational ontol-
ogy.

FIG. 3A is an exemplary illustration of a small portion of a
hierarchy of relationships. In FIG. 3A, a concept pair 301
includes the concept types “compound” and “protein.” Pos-
sible relationships 303a-» may exist between specific con-
cepts of the types “compound” and “protein.” In FIG. 3A, a
relationship 305 (“cause”) is a “top-level” relationship. Each
one of the lower level-relationships 307a-» may represent
children of the top level relationship. Children of the top level
relationship may convey similar information as the top level
relationship while also conveying descriptively significant
nuances not specified in the top level relationship. Some of
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lower-level relationships 307a-» may be synonyms of each
other. In some instances, these relationships may only be
synonyms in the context of the two particular concept types of
each concept pair. For example, other pairs of concept types
within an ontology, e.g., “compound” and “disease,” may also
have “cause” as a possible relationship. However, the identity
of'the specific lower-level relationships and synonym identity
may be different. For example, “precipitates” may not be a
child relationship of the concept pair “compound” and “dis-
ease,” as “precipitates” may not be considered relevant to
disease. In some embodiments, hierarchies of relationships
may have multiple parent-child levels. FIG. 3B. is an exem-
plary hierarchy of relationships that has multiple levels.

In some embodiments, the set of possible concept types
and the set of possible relationships that can be used to relate
each pair of concept types may be organized as an ontology.
FIG. 4 is an exemplary illustration of an ontological organi-
zation of a central concept type and the possible relationships
that may exist between the central concept type and other
concept types in a domain.

According to one embodiment of the invention, the com-
puter-implemented system may include an upper ontology, an
extraction module, a rules engine, an editor module, a chemi-
cal support module, one or more databases and servers, and a
user interface module. Additionally, the system may include
one or more of a quality assurance module, a publishing
module, a path-finding module, an alerts module, and an
export manager. Other modules may be used.

According to one embodiment, the upper ontology may
store rules regarding the concept types that may exist in an
ontology, the relationship types that may exist in an ontology,
the specific relationship types that may exist for a given pair
of concept types, the types of properties that those concepts
and relationships may have, and/or other information. Sepa-
rate upper ontologies may be used for specific domains. Infor-
mation stored within a given upper ontology may be domain-
specific. For example, a biomedical ontology may include
concept types such as “disease” and “drug,” as well as many
other predetermined concept types and relationship types,
while a legal ontology may contain such concept types as
“legal discipline” or “jurisdiction.” FIG. 5 is an exemplary
illustration of a portion of an upper ontology of concept types
for a biomedical domain.

The upper ontology may also store data source informa-
tion. The data source information may include, for example,
information regarding which data source(s) provide evidence
for one or more assertions. Data source information may also
include one or more of the name of the data source, the data
source version, and one or more characteristics of the data
source (e.g., is it structured, unstructured, or semi-structured;
is it public or private; and other characteristics). The data
source information may also include content information that
indicates what content is contained in the data source and
what can be pulled from the data source. Data source infor-
mation may also include data regarding licenses (term,
renewal dates, or other information) for access to a data
source. Other data source information may also be used.

According to an embodiment of the invention, specific
concept and relationship types may be predetermined and
entered into an upper ontology. Concept and relationship
types, the sets of possible relationships for each concept pair,
the hierarchy of relationships for each concept pair, and other
elements of the upper ontology for a given domain may be
selected by an automated method, manually by researchers or
administrators, or by a combination of both. The sheer num-
ber of linguistic combinations that may represent the same or
similar relationships may, however, necessitate methodology
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for the consolidation of relationships into a number of stan-
dard categories. This methodology may produce at least two
categories of relationships present within an upper ontology:
non-normalized and normalized relationships.

Every assertion in each of the two categories may have at
least the original English form associated with it. A first
category of relationships may comprise “non-normalized”
relationships. Non-normalized relationships may include
unique relationships for which a representative or “normal-
ized” version has not yet been used, and may have only the
original English form associated with them.

A second category of relationships may comprise “normal-
ized relationships,” which may comprise well-characterized
relationships representing numerous underlying linguistic
forms. In addition to the original English form, normalized
relationships also have a normalized form associated with
them. For example, the normalized relationship “CAUSES”
(e.g., “Chemical X CAUSES Disorder Y’) may represent
specific underlying relationships such as “showed,” “led-to,”
“produces,” etc. Normalized relationships may, in certain
embodiments, be indicated as such by their storage and/or
display in capital letters. FIG. 6A illustrates a small portion of
an exemplary list of normalized relationship types designed
for use in a biomedical ontology.

A separate ontology of relationships may result from the
characterization and normalization of relationship types. This
ontology of relationship types may be used in the construc-
tion, maintenance, and use of substantive ontologies. In addi-
tion to the hierarchical organization of relations in a relations
ontology, information may also be stored regarding the
reverse form of the relationship “is-caused-by” vs. “causes,”
as well as whether the relationship is a negative relationship
or not (e.g., “is-not-caused-by, does-not-cause™), and/or con-
ditional language (e.g., “may-cause™).

The upper ontology may enable flags that factor negation
and inevitability of relationships into specific instances of
assertions. In some embodiments, certain flags (e.g., nega-
tion, uncertainty, or others) may be used with a single form of
a relationship to alter the meaning of the relationship. For
example, instead of storing all the variations of the relation-
ship “causes” (e.g., does-not-cause, may-cause) the upper
ontology may simply add one or more flags to the root form
“causes” when specific assertions require one of the varia-
tions. For example, a statement from a document such as
“compound X does not cause disease Y’ may be initially
generated as the assertion “compound X causes disease Y.”
The assertion may be tagged with a negation flag to indicate
that the intended sense is “compound X does-not-cause dis-
easeY.” Similarly, an inevitability flag may be used to indicate
that there is a degree of uncertainty or lack of complete
applicability about an original statement, e.g., “compound X
may-cause disease Y.” These flags can be used together to
indicate that “compound X may-cause disease Y.” Inverse
relationship flags may also be utilized for assertions repre-
senting inverse relationships. For example, applying an
inverse relationship flag to the relationship “causes” may
produce the relationship “is-caused-by.” Other flags may be
used alone or in combination with one another.

The upper ontology may also include curator information.
As detailed below, one or more curators may interact with the
system. The upper ontology may store information about the
curator and curator activity.

According to an embodiment, the system and method of
the invention may access (or have access to) various data
sources. These data sources may be structured, semi-struc-
tured, or unstructured data sources. The data sources may
include public or private databases; books, journals, or other



US 7,496,593 B2

17

textual materials in print or electronic format; websites; or
other data sources. In one embodiment, data sources may also
include one or more searches of locally or remotely available
information stores including, for example, hard drives, e-mail
repositories, shared file systems, or other information stores.
These information stores may be useful when utilizing an
organization’s internal information to provide ontology ser-
vices to the organization. From this plurality of data sources,
a “corpus” of documents may be selected. A corpus may
include a body of documents within the specific domain from
which one or more ontologies are to be constructed. In some
embodiments, a corpus may be selected so as to contain
documents that are known to (or thought to) contain informa-
tion of interest. As used herein, the term “document” should
be construed broadly and not be limited to text-based docu-
ments. For example, a document may include a database
record, a web page, or other objects.

A variety oftechniques may beused to select a corpus from
a plurality of data sources. For example, the techniques may
include one or more of manual selection, a search of metadata
associated with documents (metasearch), an automated mod-
ule for scanning document content (e.g., spider), or other
techniques. A corpus may be specified for any one or more
ontologies, from the data sources available, through any vari-
ety of techniques. For example, in one embodiment, a corpus
may be selected using knowledge regarding valid contexts
and relationships in which the concepts within the documents
can exist. This knowledge may be iteratively supplied by an
existing ontology.

In one embodiment, the system may include a rules engine
(or rules module). The rules engine may enable creation,
organization, validation, modification, storage, and/or appli-
cation of various rules involved in ontology creation, main-
tenance, and use. The various types of rules enabled by the
rules engine may include linguistic analysis rules, assertion
extraction rules, curation rules, semantic normalization rules,
inference rules, or other rules. Application of rules to a corpus
of one or more documents (including the test-corpus) may
generate rule-based products. The type of rule-based product
generated may depend on the type of rule applied. Types of
rule-based products may include, for example, tagged docu-
ment content (including tagged or stored structure informa-
tion for structured data sources), rules-based assertions, rei-
fied assertions, identification of semantically divergent
assertions, production or identification of semantically
equivalent assertions, inferred assertions, or other product or
information. In some embodiments, the system of the inven-
tion may utilize defined chains ofrules or “workflows” for the
automated creation of multi-relational ontologies.

In one embodiment, a rule may be tested/validated against
a known “test-corpus.” The test-corpus may contain docu-
ments of varying types, originating from various data sources
(e.g., unstructured, structured, etc). Furthermore, the test-
corpus may contain known contents, including concepts,
relationships, assertions, and other information. Rules may
be applied to the test-corpus by the rules engine for the pur-
pose of validating applied rules. Rule-based products
obtained by the application of rules to a test-corpus for the
purpose of rule validation may be referred to herein as “actual
results.”

As stated above, the contents of the test-corpus are known.
As such, there may be expected rule-based products that
“should” result from application of rules to the test-corpus
during rule validation. These expected rule-based products
may be referred to as herein as “expected results.”

In one embodiment, the rules engine may validate at least
one rule by comparing the actual results of rule application to
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the expected results. This comparison may produce informa-
tion regarding the quality of individual rules such as, for
example, the percentage of true positives returned by a par-
ticular rule, the percentage of false positives returned by a
particular rule, the percentage of false negatives returned by a
particular rule, the percentage of true negatives returned by a
particular rule, or other information. As used herein, a true
positive may include an instance wherein a particular rule
“properly” returned an actual result corresponding to an
expected result. A false positive may include an instance
wherein a particular rule returned an actual result where no
expected result was expected. A false negative may include an
instance wherein a particular rule did not return an actual
result where an expected result was expected. A true negative
may include an instance wherein a particular rule “properly”
did not return a result where a result was not expected.

In one embodiment, the rules engine may utilize predeter-
mined thresholds for percentages of false positives and false
negatives to validate rules. If the percentages of false posi-
tives or false negatives exceed the predetermined thresholds
for a particular rule, then that rule may be modified, deleted,
or replaced by a new rule. Modification of a rule that has
exceeded the predetermined threshold for false positives may
include “tightening” the rule’s constraints, so as to reduce or
eliminate the recognition of unexpected actual results. Modi-
fication of a rule that has exceeded the predetermined thresh-
old for false negatives may include “relaxing” the rule’s con-
straints, so as to increase the return of actual results where
expected results are expected. Other modifications based on
other criteria may be made. Modified rules may then be
re-validated by the rules engine. In some embodiments, vali-
dated rules may then be stored by the rules engine and utilized
by the rules engine and/or other modules (as described below)
to create rule-based products for use in one or more multi-
relational ontologies. While rules may be evaluated or tested
using a test-corpus, in some embodiments, “real” data may
also be utilized to evaluate rule performance.

In one embodiment, the rules engine may utilize an editor
module. A curator or other person with appropriate access
rights may utilize the editor module to interface with the rules
engine to manually create, validate, apply, modify, and/or
manipulate rules.

In one embodiment of the invention, a data extraction mod-
ule may be used to extract data, including assertions, from one
or more specified data sources. According to one embodi-
ment, the data extraction module may perform a series of
steps to extract “rules-based assertions” from one or more
data sources. These rules-based assertions may be based on
concept types and relationship types specified in the upper
ontology, rules in the rules engine, or other rules.

Some rules-based assertions may be “virtual assertions.”
Virtual assertions may be created when data is extracted from
certain data sources (usually structured data sources). In one
embodiment, one or more structured data sources may be
mapped to discern their structure. The resultant “mappings”
may be considered rules that may be created using, and/or
utilized by, the rules engine. Mappings may include rules that
bind two or more data fields from one or more data sources
(usually structured data sources). For example, “Data Source
A” may have a column containing GENE NAME informa-
tion, “Data Source B” may have columns containing DATA-
BASE CROSS REFERENCE and PROTEIN NAME infor-
mation. A rule (e.g., a mapping) may be created that dictates:
when a value (e.g., “X”) is seen in A:GENE_NAME and
B:DATABASE_CROSS_REFERENCE fields, that the corre-
sponding value in B:PROTEIN_NAME (e.g., “Y™) exists.
The rule then implicitly creates the assertion “gene X encodes
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protein Y.” This specific assertion may not physically exist in
the data sources in explicit linguistic form, it is created by
applying a mapping to the structured data sources. This is why
it is referred to as a “virtual assertion.” The underlying struc-
tured data that is operated on by the rules involved may be
stored in an area of the ontology. Virtual assertions created
this way may be subject to the same semantic normalization
and quality assurance checks as other assertions.

Virtual assertions and other rules-based assertions
extracted by the extraction module may be stored in one or
more databases. For convenience, this may be referred to as a
“rules-based assertion store.” According to another aspect of
the invention, various types of information related to an asser-
tion (e.g., properties or other information) may be extracted
by the extraction module and stored with the virtual assertions
or other assertions within the rules-based assertion store.

In some embodiments, one of several different descriptive
labels may be applied to assertions based on a combination of
one or more properties. These descriptive labels may include
“factual assertions,” “strongly evidenced assertions”,
“weakly evidenced assertions,” or “inferred assertions.”
Other descriptive labels may exist. Factual assertions may
include uncontroversial observations based on evidence that
has accumulated over many years of discussion among
experts. Strongly evidenced assertions may include observa-
tions from well-known structured data sources, that may be
checked by a committee of experts. Weakly evidenced asser-
tions may include opinions and observations based on evi-
dence from one publication and/or where there may be con-
flicting evidence. Inferred assertions may include novel
associations based on indirect logical reasoning, heuristics or
computed evidence.

In one embodiment, rules from the rules engine may enable
properties to be extracted from the corpus and stored with
concept, relationship and assertion data. Properties may
include one or more of the data source from which a concept
and/or assertion was extracted, the type of data source from
which it was extracted, the mechanism by which it was
extracted, when it was extracted, evidence underlying con-
cepts and assertions (e.g., one or more documents that contain
information supporting the assertion), confidence weights
associated with concepts and assertions, and/or other infor-
mation. A mechanism by which an assertion was extracted
may include the identity of one or more rules used in extrac-
tion, a sequence of rules used in extraction, information con-
cerning a curator’s role in extraction, and/or other informa-
tion. In addition, each concept within an ontology may be
associated with a label, at least one relationship, at least one
concept type, and/or any number of other properties. Other
properties may include quantitative values or qualitative
information associated with certain concepts. If a given con-
cept is a chemical compound such as, for example, aspirin, it
may include a relationship with a quantitative property, such
as molecular weight. In some embodiments, quantitative val-
ues may also be associated with whole assertions (rather than
individual concepts). For example, a statement “gene x is
up-regulated in tissue y, by five times” may lead to the asser-
tion “gene x is-up-regulated-in tissue y,” which is itself asso-
ciated with the quantitative value “5x.”

Additionally, a concept such as, for example, aspirin may
have a qualitative property such as, for example, its chemical
structure. Properties of concepts are themselves special con-
cepts that form assertions with their parent concepts. As such,
properties may have specific values (e.g., “aspirin has-mo-
lecular-weight-of X g/mole”). In some embodiments, prop-
erties may also indicate specific units of measurement.
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Additionally, concepts in an ontology may further have
relationships with their synonyms and/or their related terms.
Synonyms and related terms may also be represented as prop-
erties. As an illustrative example, “heart” may be a synonym
for (or related to) the term “myocardium.” Thus, the concept
“heart” may have a property relationship of: “heart is-a-syn-
onym-of myocardium.” Furthermore, because the invention
may subject ontologies to semantic normalization (as dis-
cussed below), an ontology containing a relationship between
aspirin and heart disease (e.g., “aspirin is-a-treatment-for
heart disease”) may recognize that there should be a relation-
ship between aspirin and myocardial disease and create the
assertion: “aspirin is-a-treatment-for myocardial disease.”.

Depending on the type of data source, different steps or
combinations of steps may be performed to extract assertions
(and related information) from the data sources. For example,
for documents originating from structured data sources, the
data extraction module may utilize rules from the rules engine
to discern and/or map the structure of a particular structured
data source. The data extraction module may then utilize rules
from the rules engine to parse the structured data source,
apply mappings, and extract concepts, relationships, asser-
tions, and other information there from.

For documents originating from unstructured data and/or
semi-structured data sources, a different procedure may be
necessary or desired. This may include various automated
text mining techniques. As one example, it may be particu-
larly advantageous to use ontology-seeded natural language
processing. Other steps may be performed. For example, if
the document is in paper form or hard copy, optical character
recognition (OCR) may be performed on the document to
produce electronic text. Once the document is formatted as
electronic text, linguistic analysis may be performed. Lin-
guistic analysis may include natural language processing
(NLP) or other text-mining techniques. Linguistic analysis
may identify potentially relevant concepts, relationships, or
assertions by tagging parts of speech within the document
such as, for example, subjects, verbs, objects, adjectives,
pronouns, or other parts of speech. FIG. 6B is an exemplary
illustration of block of text (e.g., unstructured data), the first
sentence of which has been dissected and had its contents
tagged during linguistic analysis. In one embodiment, lin-
guistic analysis rules may be used for linguistic analysis.
Linguistic analysis rules may be created in, and/or applied by,
the rules engine.

In some embodiments, linguistic analysis may include
identifying the concept type of terms found in a data source.
The context surrounding a term in a document, as well as
heuristic analysis, inferencing patterns, and/or other informa-
tion may be used to identify the concept types of a term. FIG.
6C illustrates several terms and the number of instances in
which each been identified as a certain concept type. This
information may be used to determine the correct or most
appropriate concept type for a term and may also be used for
other purposes.

In some embodiments, linguistic analysis may be “seeded”
with a priori knowledge from the knowledge domain for
which one or more ontologies are to be built. A priori knowl-
edge may comprise one or more documents, an ontology (for
ontology-seeded NLP), or other information source that sup-
plies information known to be relevant to the domain. This a
priori knowledge may aid linguistic analysis by, for example,
providing known meaningful terms in the domain and, in the
case of ontology-seeded NLP, the context and connections
there between. These meaningful terms may be used to search
for valid concept, relationship, and assertion information in
documents on which linguistic analysis is being performed.
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This a priori knowledge may also utilize domain knowl-
edge from an existing ontology to inform the system as to
what speech patterns to look for (knowing that these speech
patterns will likely generate high quality assertions). For
example, a priori knowledge such as, for example, an existing
ontology, can be used to identify all instances of a specific
pattern (e.g., find all GPCRs that are bound to by neuroleptic
drugs), or to find new members of a given concept type. For
example, if a certain group of proteins are known in a seed
ontology, and all of the forms that a “BINDS TO” relationship
may take are also known, one may find all of the things that
the proteins bind to. Drawing on knowledge from the ontol-
ogy improves the precision of extraction (as the members of
a class are explicitly defined by the ontology, and not inferred
from statistical co-occurrence), as well as its recall (as all of
the synonyms of the members of a type may be used in the
search as well).

Linguistic analysis, including NLP, may enable recogni-
tion of complex linguistic formations, such as context frames,
that may contain relevant assertions. A context frame may
include the unique relationships that only exist when certain
concepts (usually more than two) are considered together.
When one concept within a context frame is removed, certain
relationships disappear. For example, the text “the RAF gene
was up-regulated in rat hepatocyes in the presence of lovas-
tatin” includes three concepts linked by a single frame of
reference. If one is removed, all assertions in the frame may
cease to exist. The system of the invention enables these and
other linguistic structures to be identified, associated together
in a frame, and represented in an ontology. FIG. 7 illustrates
an example of a complex linguistic context frame 700,
wherein a relationship exists between the concepts “Olanza-
pine,” “muscle toxicity,” and “rat cell line NT108.”

In one embodiment, one or more rules may be utilized
along with web crawlers to gather concept, relationship,
assertion, and other information from websites or other docu-
ments for use in an ontology. Gathering information from
websites may include utilizing meta-search engines config-
ured to construct searches against a set of search engines such
as, for example, Google, Lycos, or other search engine. A
selective “spider” may also be used. This spider may look at
a set of web pages for specified terms. If the spider finds a
term in a page, it may include the page in the corpus. The
spider may be configured to search external links (e.g., a
reference to another page), and may jump to and search a
linked page as well. Additionally, one or more rules may be
used with a hard drive crawler to search hard drives or other
information stores in a manner similar to the spider. The hard
drive crawler may pull documents such as, for example pre-
sentations, text documents, e-mails, or other documents.

Different persons may interact with the ontology creation,
maintenance, and utilization processes described herein. An
administrative curator, for example, may include an indi-
vidual with universal access rights, enabling him or her to
alter vital parts of the system of the invention such as, for
example, one or more rules or the structure and content of the
upper ontology. A curator may include an individual with
reduced access rights, enabling validation and creation of
assertions, or application of constraints for ontology export.
A user may include an individual with access rights restricted
to use and navigation of part or all of one or more ontologies.
Other persons with differing sets of access rights or permis-
sion levels may exist.

In one embodiment, one or more assertion extraction rules
utilized by the rules engine may be applied to the documents
to generate rules-based assertions from tagged and/or parsed
concept information, relationship information, assertion
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information, or other information within the corpus of docu-
ments. The upper ontology of concept and relationship types
may be used by the assertion extraction rules to guide the
generation of assertions.

In various embodiments, disambiguation may be applied
as part of rule-based assertion generation. Disambiguation
may utilize semantic normalization rules or other rules stored
by the rules engine to correctly identify concepts relevant to
the ontology. For a term that may have multiple meanings,
disambiguation may discern what meanings are relevant to
the specific domain for which one or more ontologies are to be
created. The context and relationships around instances of a
term (or lexical label) may be recognized and utilized for
disambiguation. For example, rules used to create a disease-
based ontology may create the rules-based assertion “cancer
is-caused-by smoking” upon tagging the term “cancer” in a
document. However, the same rules may tag the term “can-
cer,” but may recognize that the text “cancer is a sign of the
zodiac” does not contain relevant information for a disease-
based ontology.

Another example that is closely wed to ontology-seeded
NLP may include the text “compound x eradicates BP.” BP
could be an acronym for Blood Pressure, or Bacillus Preu-
monia, but since it does not make sense to eradicate blood
pressure (as informed by an ontology as a priori knowledge),
a rule can disambiguate the acronym properly from the con-
text to be Bacillus pneumonia. This is an example of using the
relationships in the multi-relational ontology as a seed as well
as the concept types and specific instances. In practical terms,
the “eradicates” relation may only occur between the concept
pair “COMPOUND” to “ORGANISM,” and not between the
concept pair “COMPOUND” to “PHYSIOLOGICAL PHE-
NOMENON.”

The knowledge that underpins decisions such as these may
be based on a full matrix analysis of previous instances of
terms and/or verbs. The number of times a given verb con-
nects all pairs of concept types may be measured and used as
a guide to the likely validity of a given assertion when it is
identified. For example, the verb “activates” may occur 56
times between the concept pair COMPOUND and BIO-
CHEMICAL PROCESS, but never between the concept pair
COMPOUND and PHARMACEUTICAL COMPANY. This
knowledge may be utilized by rules and/or curators to iden-
tify, disambiguate assertions, and/or for other purposes.

As mentioned above, the application of assertion extrac-
tion rules (and/or other rules) may be directed by the upper
ontology. In defining relationship types that can exist inone or
more domain specific ontologies and the rules that can be
used for extraction and creation of rules-based assertions, the
upper ontology may factor in semantic variations of relation-
ships. Semantic variations dictate that different words may be
used to describe the same relationship. The upper ontology
may take this variation into account. Additionally, the upper
ontology may take into account the inverse of each relation-
ship type used (as shown in FIG. 1). As a result, the vocabu-
lary for assertions being entered into the system is controlled.
By enabling this rich set of relationships for a given concept,
the system of the invention may connect concepts within and
across domains, and may provide a comprehensive knowl-
edge network of what is known directly and indirectly about
each particular concept.

In one embodiment, the system and/or a curator may curate
assertions by undertaking one or more actions regarding
assertions within the rules-based assertion store. These one or
more actions may be based on a combination of one or more
properties associated with each assertion. Examples of
actions/processes of curation may include, for example,






