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Defining Anaphora

anaphora, n.

use of a grammatical substitute (as a pronoun or a pro-verb)
to refer to the denotation of a preceding word or group of
words; also : the relation between a grammatical substitute
and its antecedent
Merriam-Webster
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Defining Anaphora

anaphora, n.

use of a grammatical substitute (as a pronoun or a pro-verb)
to refer to the denotation of a preceding word or group of
words; also : the relation between a grammatical substitute
and its antecedent
Merriam-Webster

Mary had a little lamb. (...) It followed her to school one
day.
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Defining Anaphora

Related term: coreference
Encompasses all situations where two groups of words have
the same referent.
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Defining Anaphora

Related term: coreference
Encompasses all situations where two groups of words have
the same referent.

Jack and Jill went up the hill to fetch a pail of water. Jack
fell down and broke his crown and Jill came tumbling after.
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Defining Anaphora

Related term: coreference
Encompasses all situations where two groups of words have
the same referent.

Jack and Jill went up the hill to fetch a pail of water. Jack
fell down and broke his crown and Jill came tumbling after.

I use these two terms nearly interchangeably, so bear with
me.
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Anaphora Resolution

◮ Detect text fragments that take part in anaphora
(markables)
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Anaphora Resolution

◮ Detect text fragments that take part in anaphora
(markables)

◮ Cluster those text fragments according to their
denotation (entities)
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Anaphora Resolution

◮ Detect text fragments that take part in anaphora
(markables)

◮ Cluster those text fragments according to their
denotation (entities)

◮ More-or-less equivalent: assign antecedent markables to
some of the other markables
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Corpora
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Corpora

◮ MUC-6 (Message Understanding Conference)
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Corpora

◮ MUC-6 (Message Understanding Conference)

◮ ACE-2 (Automatic Content Extraction)

◮ ... fairly similar content: a mix of newspapers, newswire
and broadcast news.
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Corpora

◮ MUC-6 (Message Understanding Conference)

◮ ACE-2 (Automatic Content Extraction)

◮ ... fairly similar content: a mix of newspapers, newswire
and broadcast news.

◮ Some differences in annotation guidelines.
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Typical Approaches

◮ ”Modern era” of computerized anaphora resolution
systems: (Soon et al. 2001)

◮ Turn it into a machine learning problem: given a pair of
markables (m1, m2), determine whether they are
coreferent (m2 refers to antecedent m1).
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Typical Approaches

◮ ”Modern era” of computerized anaphora resolution
systems: (Soon et al. 2001)

◮ Turn it into a machine learning problem: given a pair of
markables (m1, m2), determine whether they are
coreferent (m2 refers to antecedent m1).

◮ Starting with a suspected anaphor (e.g. a pronoun or
definite NP), work backwards and resolve it to the first
preceding markable accepted by the classifier.
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Typical Approaches

◮ ”Modern era” of computerized anaphora resolution
systems: (Soon et al. 2001)

◮ Turn it into a machine learning problem: given a pair of
markables (m1, m2), determine whether they are
coreferent (m2 refers to antecedent m1).

◮ Starting with a suspected anaphor (e.g. a pronoun or
definite NP), work backwards and resolve it to the first
preceding markable accepted by the classifier.

◮ Many approaches to generating the set of markables
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Typical Approaches

◮ ”Modern era” of computerized anaphora resolution
systems: (Soon et al. 2001)

◮ Turn it into a machine learning problem: given a pair of
markables (m1, m2), determine whether they are
coreferent (m2 refers to antecedent m1).

◮ Starting with a suspected anaphor (e.g. a pronoun or
definite NP), work backwards and resolve it to the first
preceding markable accepted by the classifier.

◮ Many approaches to generating the set of markables

◮ Many approaches to featurizing markables for a learner
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Typical Approaches

◮ ”Modern era” of computerized anaphora resolution
systems: (Soon et al. 2001)

◮ Turn it into a machine learning problem: given a pair of
markables (m1, m2), determine whether they are
coreferent (m2 refers to antecedent m1).

◮ Starting with a suspected anaphor (e.g. a pronoun or
definite NP), work backwards and resolve it to the first
preceding markable accepted by the classifier.

◮ Many approaches to generating the set of markables

◮ Many approaches to featurizing markables for a learner

◮ Many approaches to generating training instances from
a corpus
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Typical Approaches

◮ ”Modern era” of computerized anaphora resolution
systems: (Soon et al. 2001)

◮ Turn it into a machine learning problem: given a pair of
markables (m1, m2), determine whether they are
coreferent (m2 refers to antecedent m1).

◮ Starting with a suspected anaphor (e.g. a pronoun or
definite NP), work backwards and resolve it to the first
preceding markable accepted by the classifier.

◮ Many approaches to generating the set of markables

◮ Many approaches to featurizing markables for a learner

◮ Many approaches to generating training instances from
a corpus

◮ Many machine learning algorithms
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Typical Approaches (cont.)

◮ More recently, improvements to the core shape of the
ML problem as well:
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Typical Approaches (cont.)

◮ More recently, improvements to the core shape of the
ML problem as well:

◮ Ranking antecedents instead of just taking the first
match
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Typical Approaches (cont.)

◮ More recently, improvements to the core shape of the
ML problem as well:

◮ Ranking antecedents instead of just taking the first
match

◮ Resolving to entities instead of to individual markables
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Typical Approaches (cont.)

◮ More recently, improvements to the core shape of the
ML problem as well:

◮ Ranking antecedents instead of just taking the first
match

◮ Resolving to entities instead of to individual markables

◮ Limited research on attacking the problem directly as a
clustering task
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Evaluation

◮ Comparing anaphora/coreference resolution systems is
notoriously difficult.
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Evaluation

◮ Comparing anaphora/coreference resolution systems is
notoriously difficult.

◮ Some systems use gold-annotated markables, others use
their own algorithms for detecting markables
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Evaluation

◮ Comparing anaphora/coreference resolution systems is
notoriously difficult.

◮ Some systems use gold-annotated markables, others use
their own algorithms for detecting markables

◮ Use of different corpora
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Evaluation

◮ Comparing anaphora/coreference resolution systems is
notoriously difficult.

◮ Some systems use gold-annotated markables, others use
their own algorithms for detecting markables

◮ Use of different corpora

◮ Use of different metrics, or even ”slight” variants on the
same metrics
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Evaluation

◮ Comparing anaphora/coreference resolution systems is
notoriously difficult.

◮ Some systems use gold-annotated markables, others use
their own algorithms for detecting markables

◮ Use of different corpora

◮ Use of different metrics, or even ”slight” variants on the
same metrics

◮ (Soon et al. 2001) reports a MUC F-measure of roughly
63 on the MUC-6 corpus
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Evaluation

◮ Comparing anaphora/coreference resolution systems is
notoriously difficult.

◮ Some systems use gold-annotated markables, others use
their own algorithms for detecting markables

◮ Use of different corpora

◮ Use of different metrics, or even ”slight” variants on the
same metrics

◮ (Soon et al. 2001) reports a MUC F-measure of roughly
63 on the MUC-6 corpus

◮ (Haghighi and Klein 2009) reports roughly 72 on a
different corpus (but the same metric)
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First Order Logic: A Meaning Representation

Every dog chases a cat.

∀x .dog(x) : ∃y .cat(y) : chase(x , y)
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First Order Logic: A Meaning Representation

Every dog chases a cat.

∀x .dog(x) : ∃y .cat(y) : chase(x , y)

... or ...
∃y .cat(y) : ∀x .dog(x) : chase(x , y)
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First Order Logic: A Meaning Representation

Every dog chases a cat.

∀x .dog(x) : ∃y .cat(y) : chase(x , y)

... or ...
∃y .cat(y) : ∀x .dog(x) : chase(x , y)

We may not actually care which.



Anaphora

Resolution with

MRS

Woodley Packard

An Overview of

Anaphora

Resolution

Minimal Recursion

Semantics

MRS for Anaphora

Resolution

MRS: First Order Logic, with Underspecified
Scoping

Every dog chases a cat.

h1 : ∀x .dog(x) : � ∧ h2 : ∃y .cat(y) : � ∧ h3 : chase(x , y)
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MRS: First Order Logic, with Underspecified
Scoping

Every dog chases a cat.

h1 : ∀x .dog(x) : � ∧ h2 : ∃y .cat(y) : � ∧ h3 : chase(x , y)

To recover a FOL formula, we put the puzzle pieces together
(a handle variable hi in each hole �).
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MRS in NLP

Does relative scope matter for anaphora resolution?
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MRS in NLP

Does relative scope matter for anaphora resolution?
Maybe, but you can do a lot without it.
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MRS in NLP

Does relative scope matter for anaphora resolution?
Maybe, but you can do a lot without it. DELPH-IN
grammars like the ERG produce MRS as (part of) their
native output.
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Drawbacks of using MRS in Anaphora Resolution

◮ Parsing is slow.
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Drawbacks of using MRS in Anaphora Resolution

◮ Parsing is slow.

◮ Getting the wrong analysis could hurt more than it
helps.
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Drawbacks of using MRS in Anaphora Resolution

◮ Parsing is slow.

◮ Getting the wrong analysis could hurt more than it
helps.

◮ Grammatical coverage: 90% or so.
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Drawbacks of using MRS in Anaphora Resolution

◮ Parsing is slow.

◮ Getting the wrong analysis could hurt more than it
helps.

◮ Grammatical coverage: 90% or so.

◮ ... coverage on coreferent pairs from different sentences
goes as the square of sentential coverage: 80% or so.
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Drawbacks of using MRS in Anaphora Resolution

◮ Parsing is slow.

◮ Getting the wrong analysis could hurt more than it
helps.

◮ Grammatical coverage: 90% or so.

◮ ... coverage on coreferent pairs from different sentences
goes as the square of sentential coverage: 80% or so.

◮ When the parser doesn’t return an MRS, you are out of
luck.
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Benefits of using MRS in Anaphora Resolution

◮ Markable detection is simple.
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Benefits of using MRS in Anaphora Resolution

◮ Markable detection is simple.

◮ Lemmatization for free.
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Benefits of using MRS in Anaphora Resolution

◮ Markable detection is simple.

◮ Lemmatization for free.

◮ Some NER built in – though you have to work for it a
bit.
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Benefits of using MRS in Anaphora Resolution

◮ Markable detection is simple.

◮ Lemmatization for free.

◮ Some NER built in – though you have to work for it a
bit.

◮ Quantifiers (e.g. def q rel) serve as signposts for
anaphoricity.



Anaphora

Resolution with

MRS

Woodley Packard

An Overview of

Anaphora

Resolution

Minimal Recursion

Semantics

MRS for Anaphora

Resolution

Benefits of using MRS in Anaphora Resolution

◮ Markable detection is simple.

◮ Lemmatization for free.

◮ Some NER built in – though you have to work for it a
bit.

◮ Quantifiers (e.g. def q rel) serve as signposts for
anaphoricity.

◮ May be easily portable to other languages (dependent
on compatibility and availability of other deep
grammars, or possibly semantic transfer).
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Markable Detection from MRS

◮ Basic idea: one markable for each referential index.
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Markable Detection from MRS

◮ Basic idea: one markable for each referential index.

◮ Side-effect: non-referential NPs are automatically
excluded (It rained on Thursday.).
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Markable Detection from MRS

◮ Basic idea: one markable for each referential index.

◮ Side-effect: non-referential NPs are automatically
excluded (It rained on Thursday.).

◮ Each xi is ”guaranteed” to be the ARG0 of (at least)
two EPs:

◮ a quantifier Q(xi )

◮ something contentful P(xi ).

◮ Character span of a markable is the smallest span
encompassing the characterization of those EPs
(relevant for cross-referencing against corpus answer
keys, and for displaying output).
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Markable Detection: Agreement with Corpora

Corpus P R R on parseable subset

MUC-6 30.8% 80.8% 94.1%
ACE-2 38.2% 79.9% 92.2%
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Markable Detection from MRS

Lots of other valuable information available in the MRS:
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Markable Detection from MRS

Lots of other valuable information available in the MRS:

◮ Person, number and gender (properties on xi )
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Markable Detection from MRS

Lots of other valuable information available in the MRS:

◮ Person, number and gender (properties on xi )

◮ Definiteness (on the quantifier)
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Anaphora Resolution with MRS: Negative Filters

Markable features can be used to filter out ”grammatically”
illegal combinations, e.g.:
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Anaphora Resolution with MRS: Negative Filters

Markable features can be used to filter out ”grammatically”
illegal combinations, e.g.:

◮ Incompatible person, number or gender
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Anaphora Resolution with MRS: Negative Filters

Markable features can be used to filter out ”grammatically”
illegal combinations, e.g.:

◮ Incompatible person, number or gender

◮ Indefinite markables usually are not anaphoric
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Anaphora Resolution with MRS: Positive Filters

Some configurations are ”automatically” coreferent, e.g.:
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Anaphora Resolution with MRS: Positive Filters

Some configurations are ”automatically” coreferent, e.g.:

◮ Appositives (appos rel)
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Anaphora Resolution with MRS: Positive Filters

Some configurations are ”automatically” coreferent, e.g.:

◮ Appositives (appos rel)

◮ The two arguments of the verb ”to be” (be v id rel) –
when not negated
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Anaphora Resolution with MRS: What’s Left
Over

Choices still left after negative and positive filters.
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Anaphora Resolution with MRS: What’s Left
Over

Choices still left after negative and positive filters.
We’ve cut down the job for a traditional resolver, but not
eliminated it.
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Anaphora Resolution with MRS: What’s Left
Over

Choices still left after negative and positive filters.
We’ve cut down the job for a traditional resolver, but not
eliminated it.
Use some kind of a ranker.



Anaphora

Resolution with

MRS

Woodley Packard

An Overview of

Anaphora

Resolution

Minimal Recursion

Semantics

MRS for Anaphora

Resolution

Anaphora Resolution with MRS: MaxEnt Ranking

◮ Train a MaxEnt model to score possible antecedent
markables (including ”none”)



Anaphora

Resolution with

MRS

Woodley Packard

An Overview of

Anaphora

Resolution

Minimal Recursion

Semantics

MRS for Anaphora

Resolution

Anaphora Resolution with MRS: MaxEnt Ranking

◮ Train a MaxEnt model to score possible antecedent
markables (including ”none”)

◮ Include information about both anaphor and antecedent
from the MRS as features
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Anaphora Resolution with MRS: MaxEnt Ranking

◮ Train a MaxEnt model to score possible antecedent
markables (including ”none”)

◮ Include information about both anaphor and antecedent
from the MRS as features

◮ Score an antecedent entity as the softmax of the scores
of its constituent markables
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Anaphora Resolution with MRS: MaxEnt Ranking

◮ Train a MaxEnt model to score possible antecedent
markables (including ”none”)

◮ Include information about both anaphor and antecedent
from the MRS as features

◮ Score an antecedent entity as the softmax of the scores
of its constituent markables

◮ Resolve each markable to the entity with the highest
score
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Anaphora Resolution with MRS: Ad-hoc Ranking

◮ Simple hand-built ranking rules:
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Anaphora Resolution with MRS: Ad-hoc Ranking

◮ Simple hand-built ranking rules:

◮ If the supposed anaphor is a not a pronoun, only resolve
it to markables with the same head word
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Anaphora Resolution with MRS: Ad-hoc Ranking

◮ Simple hand-built ranking rules:

◮ If the supposed anaphor is a not a pronoun, only resolve
it to markables with the same head word

◮ For pronouns, rank candidate antecedents based on the
distance in the text and ”SEM-D” score



Anaphora

Resolution with

MRS

Woodley Packard

An Overview of

Anaphora

Resolution

Minimal Recursion

Semantics

MRS for Anaphora

Resolution

Anaphora Resolution with MRS: Ad-hoc Ranking

◮ Simple hand-built ranking rules:

◮ If the supposed anaphor is a not a pronoun, only resolve
it to markables with the same head word

◮ For pronouns, rank candidate antecedents based on the
distance in the text and ”SEM-D” score

◮ SEM-D score: looks at the co-occurrence statistics of
the EPs mentioning the anaphor and antecedent in a
large corpus (WikiWoods)
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Anaphora Resolution with MRS: Results

With MaxEnt Ranking, trained on full MUC-6:
Corpus Vilain P R F1 B3 P R F1

MUC-6 71.6% 55.1% 62.3 61.2% 45.3% 52.1
ACE-2 63.5% 58.4% 60.9 61.8% 53.6% 57.4

With Ad-hoc Ranking:
Corpus Vilain P R F1 B3 P R F1

MUC-6 79.5% 55.6% 65.4 70.6% 46.1% 55.8
ACE-2 77.9% 62.5% 69.3 72.3% 55.2% 62.6

Reported by Soon et al:
Corpus Vilain P R F1

MUC-6 67.3% 58.6% 62.6
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Anaphora Resolution with MRS: Conclusion

My results are not yet state-of-the-art, but at least seem to
be superior to this popular baseline.
MRS offers a lot of useful information for this task. Some
future research directions include exploiting the syntax
information that the grammar exports as well (e.g. for
parallelism), and incorporating constraints from binding
theory.
Anaphora Resolution Example

http://sweaglesw.org/linguistics/anaphora-example.html
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