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SYSTEM AND METHOD FOR CREATING
CUSTOMIZED ONTOLOGIES

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 incorporated herein by refer-
ence in their entirety, 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. 11/122,023, filed May 5, 2005, entitled “Multi-Rela-
tional Ontology Structure” (U.S. Patent Application Publica-
tion No. 20060053151); 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 Man-
agement in Multi-Relational Ontology Creation” (U.S. Patent
Application Publication No. 20060053174); U.S. patent
application Ser. No. 11/122,056, filed May 5, 2005, entitled
“System and Method for Curating One or more Multi-Rela-
tional 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 Creating,
Editing, and Utilizing One or More Rules for Multi-Rela-
tional Ontology 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 Ontologies” (U.S. Patent Application Publi-
cation 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-Rela-
tional 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 Ontologies” (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 Users 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 Integration into One or
More Multi-Relational Ontologies” (U.S. Patent Application
Publication No. 20060053099).

FIELD OF THE INVENTION

The invention relates to a system and method for creating
one or more customized ontologies and the use of those
ontologies.
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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
source. This may lead to an incomplete representation of the
knowledge in a given subject area. These and other drawbacks
exist.
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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 customized
ontologies and the use of those ontologies. According to one
aspect of the invention, the one or more ontologies may be
domain specific ontologies that may be used individually or
collectively, 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 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. 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
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
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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, the tech-
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.
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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.

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
map) 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-
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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 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.

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
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-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, a curator may curate assertions by
undertaking one or more actions regarding assertions within
the rules-based assertion store. Examples of actions/pro-
cesses of curation may include, for example, reifying/validat-
ing rules-based assertions (which entails accepting indi-
vidual, many, or all assertions created by a rule or mapping),
identifying new assertions (including those created by infer-
encing 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
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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. If arule 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.

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.

In one embodiment, the editing module may also enable an
authorized individual, such as an administrative curator, to
create, edit, or remove, any of the rules associated with the
system such as, for example, rules associated with identify-
ing, extracting, curating, inferring assertions, or other rules.
The editor module may also enable an authorized individual
to manage the underlying data sources or curator information
associated with the system. Managing the underlying data
sources may include managing what type of data sources can
be used for ontology creation, what specific data sources can
be used for specific ontology creation, or other data source
management. Managing curator information may include
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specifying the access rights of curators, specitying what cura-
tors are to operate on what data, or other curator specific
management.

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
database 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.

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.






