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(57) ABSTRACT

Disclosed herein is a computer implemented method and
system for word sense disambiguation in a natural language
sentence. The natural language sentence is parsed for identi-
fying possible parts of speech for each term and identifying
possible phrase structures. Terms comprising one or more
linguistic roles are identified. The possible sense combina-
tions for the terms with linguistic roles are identified. Emer-
gent categories are applied to identify possible valid senses
for each of the terms with identified linguistic roles. Linguis-
tic role pairs are identified from among the terms identified
with linguistic roles. The correspondence functions with the
correspondence function types matching the identified lin-
guistic role pairs are identified from an emergent categories
database. The pair-wise senses for each term are compared
with the identified linguistic roles to identify the possible
sense combinations. The possible senses are inferred for each
term with identified linguistic roles in the natural language
sentence and previous sentences.
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WORD SENSE DISAMBIGUATION USING
EMERGENT CATEGORIES

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] 1.Co-pending application titled “Automatic Pattern
Generation in Natural Language Processing”.

BACKGROUND

[0002] This invention, in general, relates to computational
linguistics, and specifically relates to word sense disambigu-
ation using categorization of senses.

[0003] Word senses, in linguistics, refer to the different
meanings of a word in a dictionary. Each sense of the word is
potentially relevant in a sentence based on the context of the
word usage in the sentence. In computational linguistics,
word sense disambiguation (WSD) is the problem of deter-
mining the correct sense of the word in a given sentence. For
example, consider the word “bass”, having two distinct
senses namely:

[0004] ““atype of fish” and

[0005] ““tones of low frequency”.

Also consider two sentences with the same word but different
senses:

[0006] “I went fishing for some sea bass;” and
[0007] “The bass part of the song is very moving.”
[0008] A human may clearly identify that the first sentence

is using the word “bass” in sense 1 above, and that the second
sentence is using sense 2. Although identifying senses by
reading sentences seems obvious to a human, developing
algorithms to replicate the human ability is a difficult task.
[0009] Hence, there is a need for a computer implemented
method and system for word sense disambiguation in a natu-
ral language sentence with acceptable accuracies.

SUMMARY OF THE INVENTION

[0010] This summary is provided to introduce a selection of
concepts in a simplified form that are further described in the
detailed description of the invention. This summary is not
intended to identify key or essential inventive concepts of the
claimed subject matter, nor is it intended for determining the
scope of the claimed subject matter.

[0011] Disclosed herein is a computer implemented
method and system for word sense disambiguation in a natu-
ral language sentence. The method and system disclosed
herein determines the sense of a term in the natural language
sentence through a process of elimination of senses. The
natural language sentence is parsed for identifying possible
parts of speech for each term in the natural language sentence.
Further, the natural language sentence is parsed for identify-
ing possible phrase structures i.e., sentence constituents, for
example, noun phrase, verb phrase, prepositional phrase, etc.
are identified. Terms comprising one or more linguistic roles
are identified. The possible sense combinations for the terms
with linguistic roles are identified. Emergent categories are
applied to identify possible valid senses for each of the terms
with identified linguistic roles. Each emergent category iden-
tifies a set of senses for the terms in a dictionary. The senses
in one emergent category correspond to the senses in another
emergent category by a correspondence function.

[0012] Anemergent categories database comprising a mul-
tiple correspondence functions is provided. Each of the cor-
respondence functions comprises a given correspondence
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function type that identifies two emergent categories. The
correspondence function type specifies a linguistic role pair.
The linguistic role pair is a pairing of two linguistic roles for
example, verb-object, subject-verb, etc. The senses in each of
the two emergent categories play one of the linguistic roles in
the correspondence function type. Linguistic role pairs are
identified from among the terms identified with linguistic
roles in the natural language sentence. The correspondence
functions with the correspondence function types matching
the identified linguistic role pairs are identified from the
emergent categories database. For each linguistic role pair,
the emergent categories identified by the correspondence
function, are valid for the corresponding linguistic roles. Each
of the emergent categories specifies one or more senses rep-
resenting a term matching the corresponding identified pair-
wise term in the natural language sentence. Each sense in one
of the emergent categories in the identified correspondence
function is a possible valid pair-wise sense for the term in the
natural language sentence when paired with the other emer-
gent category in the identified correspondence function. The
pair-wise senses for each term are compared with the identi-
fied linguistic roles to identify the possible sense combina-
tions. The possible senses are inferred for each term with
identified linguistic roles in the natural language sentence and
previous sentences.

[0013] The step of inferring the possible senses for each
term further comprises reducing the possible senses for each
term with identified linguistic roles in the natural language
sentence. The senses for the term identified with linguistic
roles that are not consistent with identified sense mappings
for the same term in previous sentences are eliminated. The
step of inferring further comprises reducing the possible
senses for each term with identified linguistic roles in the
previous sentences. The senses for the term that are not con-
sistent with identified sense mappings for the same term in
subsequent sentences are also eliminated.

[0014] References to “word” includes “multi-word terms”,
that when taken together have one or more senses in a dictio-
nary. The dictionary is a reference that contains words where
each word has one or more senses. An “Equivalent Name Set”
(ENS) is a set of senses which are considered to have the same
meaning or nearly the same meaning for the purpose of the
invention. The set of senses in the ENS is analogous to syn-
onyms for a term.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing summary, as well as the following
detailed description of the invention, is better understood
when read in conjunction with the appended drawings. For
the purpose of illustrating the invention, exemplary construc-
tions of the invention are shown in the drawings. However, the
invention is not limited to the specific methods and instru-
mentalities disclosed herein.

[0016] FIG. 1 illustrates a computer implemented method
of'word sense disambiguation in a natural language sentence.
[0017] FIG. 2 exemplarily illustrates the process involved
in word sense disambiguation using emergent categories.

[0018] FIG. 3 exemplarily illustrates emergent categories
database.
[0019] FIG. 4 illustrates a computer implemented system

for word sense disambiguation in a natural language sen-
tence.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The definitions of the technical terms used herein
are provided below.
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[0021] Declared pattern (DP): A DP is a sequence of pattern
units, each of which corresponds to a portion of text in a
natural language sentence 201 and identifies the possible
linguistic role 210, for example, subject, verb, direct object,
etc. in the natural language sentence 201. A DP is a mapping
between natural language grammar and semantic items in the
conceptionary 218.

[0022] Pattern unit (PU): A pattern is a relative sequence of
pattern units. A PU is a mapping between a role in a natural
language sentence 201 and its equivalent name set.

[0023] Conceptionary 218: A conceptionary 218 is a lan-
guage independent representation of an ontology. The con-
ceptionary 218 is a knowledge representation of items. The
items represent concepts, instances, relationships, character-
istics, values, units of measure, and manner of sets and aggre-
gations of the items.

[0024] Equivalent name set (ENS) 204a: Identifies a set of
senses for words which mean the same and also provides a set
of words that have the same meaning for a given language.
For a given language, each semantic item maps to a single
ENS 204a. The ENS 204a contains multiple items, i.e., mul-
tiple entries. The ENS 204a is a set of senses. Each sense 212
has a term 209 name. Since each sense 212 in the ENS 204q
is referred to by the term 209, the set is referred to as “Equiva-
lent Name Set” 204a.

[0025] Equivalent pattern specification (EPS) 207 sets:
EPS 207 sets for a given language represents different ways of
saying the same thing. An equivalent pattern (EP) is a
sequence of pattern units. A PU specifies the linguistic meta-
data (LMD) 202 needed to match a term 209 in a language. An
EPS 207 is a set of EP where each EP represents grammati-
cally different ways that possibly represent the same seman-
tics. The EP in an EPS 207 has the same number of PU
representing an occurrence of an ENS 204a. Each EPS 207
has a meaning map that describes a single semantic pattern
involving one or more of the PU in the EP. EPS 207 sets are
described in co-pending application titled “Automatic Pattern
Generation in Natural Language Processing™ and are used to
identify the candidate roles of terms in the natural language
sentence 201.

[0026] Emergent categories (EC): An EC is a set of ENS
204a that are used to determine which sense 212 of the word
orphrase is valid in the natural language sentence 201 relative
to other words or phrases of the natural language sentence
201.

[0027] Correspondence function (CF) 211: Identifies a
relationship between two senses, where the relationship has a
linguistic correspondence. A CF 211 identifies a correspon-
dence involving two ENS 204a or EC each with a different
linguistic role 210. Roles include; subject, transitive verb,
intransitive verb, linking verb, direct object, indirect object,
etc. A CF 211 asserts that when each ENS 204a fills the
identified linguistic roles, that combination of ENS 204a is
considered to be semantically valid.

[0028] Parts of speech tagger 402a: The parts of speech
tagger 402q is a unit that determines the part of speech of the
different terms of the natural language sentence 201 as noun,
verb, preposition, etc.

[0029] Sentence chunker 4025.: A sentence chunker 4024
applies a natural language process to separate and segment
sentences into its sub constituents, including: noun phrases,
verb phrases, prepositional phrases, etc.

[0030] FIG. 1 illustrates a computer implemented method
for word sense disambiguation in a natural language sentence
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201. The computer implemented method disclosed herein
comprises determining the sense 212 of a term 209 in the
natural language sentence 201 through a process of elimina-
tion of senses. The natural language sentence 201 is parsed
101 using a natural language sentence parser 402 further
comprising the step of identifying 1014 one or more possible
parts of speech (POS) for each term 209 in the natural lan-
guage sentence 201. One or more possible phrase structure
are also identified 1015 for the natural language sentence 201,
i.e., sentence constituents for example, noun phrase, verb
phrase, prepositional phrase, etc. are identified. Terms com-
prising one or more linguistic roles in the natural language
sentence 201 are identified 102 for example, subject, direct
object, indirect object, etc. Further, possible sense 212 com-
binations for the terms with linguistic roles are identified 103
in the natural language sentence 201. Emergent categories
(EC) are applied 103a to identify possible valid senses for
each of the terms in the natural language sentence 201 with
identified linguistic roles.

[0031] Each emergent category identifies a set of senses for
terms in a dictionary 205. The senses in one emergent cat-
egory correspond to senses in another emergent category by a
correspondence function 211.

[0032] An EC database 206 comprising correspondence
functions is provided 1035. Each of the correspondence func-
tions comprises a given correspondence function type 303
that identifies two EC. The correspondence function type 303
specifies a linguistic role pair. The linguistic role pair is a
pairing of two linguistic roles for example, verb-object, sub-
ject-verb, etc. The senses in each of the two EC play one ofthe
linguistic roles in the correspondence function type 303. Lin-
guistic role pairs are identified 103¢ from among the terms
identified with the linguistic roles in the natural language
sentence 201. The correspondence functions with the corre-
spondence function types matching the identified linguistic
role pairs are identified 1034 from the EC database 206. For
each linguistic role pair, the EC identified by the correspon-
dence function 211 are valid for the corresponding linguistic
roles. Each of the EC specifies one or more senses represent-
ing a term 209 matching the corresponding identified pair-
wise term in the natural language sentence 201. Each sense
212 in one of the EC in the identified correspondence function
211 is a possible valid pair-wise sense for the term 209 in the
natural language sentence 201 when paired with the other
emergent category in the identified correspondence function
211. The pair-wise senses for each term 209 are compared
103¢ with the identified linguistic role 210 in the natural
language sentence 201 to identify the possible sense 212
combinations. The possible senses are inferred 104 for each
term 209 with identified linguistic role 210 in the natural
language sentence 201 and in previous sentences.

[0033] The step of inferring the possible senses for each
term 209 further comprises reducing the possible senses for
each term 209 with identified linguistic role 210 in the natural
language sentence 201. The senses for the term 209 identified
with linguistic role that are not consistent with identified
sense 212 mappings for the same term 209 in previous sen-
tences are eliminated. The inferring step further comprises
reducing the possible senses for each term 209 with identified
linguistic role 210 in previous sentences. The senses for the
term 209 that are not consistent with identified sense 212
mappings for the same term 209 in subsequent sentences in
the document being examined are also eliminated.
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[0034] A linguistic role pair is a pairing of two roles includ-
ing subject-verb, verb-direct object, verb-indirect object, and
target of preposition-<prep:pclass>-object of preposition.
Here “prep” is a preposition and “pclass™ identifies a classi-
fication of the association for the preposition, including loca-
tion, time, relationship, characteristics, values, and units of
measure (CVU), subset, and scope.

[0035] The sense 212 of a given term 209 in the natural
language sentence 201 is determined through a process of
elimination as described in the following steps below:

[0036] 1. Generating a list of the senses in the dictionary
205 for the word.

[0037] 2. Eliminating the senses that do not match the
required POS. The required POS may be determined by
POS tagger 402a software.

[0038] 3. If more than one word sense 212 remains,
eliminating the senses that do not match any grammati-
cally required gender, number, tense, formality, or any
other known LMD 202 by consulting the dictionary 205
enriched with LMD 202.

[0039] 4. If more than one word sense 212 remains,
continuing the process of elimination by examining spe-
cific word sense 212 combinations in a given sentence to
determine whether the sense 212 combinations corre-
spond to known valid combinations. For a human, a
word combination appears valid as a result of being told,
through direct experience, or through another process
wherein the human may make a “guess” based on an
understanding derived from what was previously told,
previously experienced, or previously guessed correctly
about the word. In this step, the senses that are known to
be valid are retained. EC are used to implement step 4.

[0040] 5. If more than one word sense 212 remains,
identifying the closest word sense 212 based on what is
known about the word senses discussed in the document
being parsed. The currently discussed word senses are
those found in sentences that come before the current
natural language sentence 201.

[0041] 6. If more than one word sense 212 remains,
identifying the closest word sense 212 based on what
may be known about the word senses discussed in the
document based on the sentences that come after current
natural language sentence 201. The decision of selecting
a word sense 212 may be delayed, and resolved by
returning to the decision after further reading.

[0042] 7. If more than one word sense 212 remains, the
remaining word senses are more or less equally possible
within the current natural language sentence 201. The
remaining word senses should be considered valid
within this natural language sentence 201. However,
considerations of global context may be applied, if avail -
able, to further restrict the word senses.

[0043] When a term 209 in the dictionary 205 is encoun-
tered, other information about the term 209 is generally
known. The other information includes the senses for the
word and their associated gender, tense, number, POS, word
class for example, a pronoun. For each sense 212, the syn-
onyms or membership in ENS 204q is also known. This
previously known information may be exploited to select the
appropriate sense 212 for the term 209 in the natural language
sentence 201. However, occasionally, a term 209 is encoun-
tered that is neither in the dictionary 205 nor does the POS
match any sense 212 for the term 209 found in the dictionary
205. There may be two possibilities:
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[0044] 1. The POS has been erroneously assigned;
[0045] 2. The sense 212 is a previously unknown sense
212 of the term 209.
[0046] In either case above, a dictionary entry may be cre-
ated indicating the POS, and adding the newly created sense
212 to word class “new”. Subsequent curation of the dictio-
nary 205 should follow the process of verifying and complet-
ing new senses.
[0047] The computer implemented method for word sense
disambiguation using EC requires a set of basic linguistic
pre-processing of each natural language sentence 201 such
as:

[0048] 1. Parsing the natural language sentence 201:
[0049] Two methods for parsing the natural language
sentence 201 are described as follows:
[0050] Method A:
[0051] 1. Using the POS tagger 4024 to determine the
POS for each term 209.
[0052] 2. Using the sentence chunker 4025 to determine

the phrase structure of the natural language sentence
201.

[0053] Method B:

[0054] Method B comprises using the LMD 202 and the
sentence chunker 4025 to yield possible POS taggings.

[0055] 1. Using LMD 202 and the sentence chunker
4025 to determine POS for each term 209 further com-
prises:

[0056] a. Using LMD 202 to identify POS possibili-
ties;
[0057] b. Using the sentence chunker 4025 to elimi-

nate POS possibilities based on the structure of the
grammar;
[0058] 2. Using the sentence chunker 4025 to determine
phrase structure.
[0059] 2. Removing coordinating conjunctions (CC):
Removing CC comprises considering the sentence structure
surrounding the CC to construct a sequence of simple sen-
tences. A simple sentence generated does not contain CC. A
CC operates to coordinate noun phrases (NP), preposition
phrase (PP), verb phrases (VP), clauses, adjectival phrase
(ADIJP), and adverbial phrase (ADVP). Multiple patterns of
CC may exist in the natural language sentence 201. The
following steps describe removal of CC for each pattern of
CC. Also, the following symbols are used when describing
patterns:

[0060] <pre>=for previous sentence contents; and
[0061] <post>=for remaining sentence contents.
[0062] a) Coordinated noun phrase (NP): The pattern is

represented as <pre> NP, CC NP, <post>
[0063] By removing the CC, the pattern results in simple
sentence patterns:

[0064] <pre> NP, <post>
[0065] <pre> NP, <post>
[0066] Consider an example for determining the coordi-

nated NP in the natural language sentence 201 “Joe and Bob
went to the store” By using POS tagging and LMD 202
lookup, the natural language sentence 201 results in: NOUN
(Joe) CC(and) NOUN(Bob) (VBD)(went) PREPOSITION
(to) DET(the) NOUN(store). VBD is an abbreviation for
“VERB with ED ending” and includes all past tense verbs, for
example, the verb “proposed”. VBD may also include past
tense verbs that do not have “ED” ending, for example,
“went”. In the aforementioned example, DET is used as an
abbreviation for “DETERMINER”.






