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Introduction : coreference resolution

Example
- um and [I]1 think that is what’s
- Go ahead [Linda]2.
...
- Well and uh thanks goes to [you]1 and to [the media]3 to help
[us]4, so [our]4 hat is off to all of [you]5 as well.

*Example from (Wiseman et al., 2016)
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Coreference resolution (CR) vs. Anaphora resolution (AR)
1/3

AR ⊂ CR ? ? ?
There are people thinking that AR ⊂ CR
“Every speaker has to present his paper”

“his” needs “every speaker” to be understood
“his” and “every speaker” are not coreferent
Otherwise :
“Every speaker had to present every speaker’s paper”

*Examples from (Sukthanker et al., 2018)
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Coreference resolution (CR) vs. Anaphora resolution (AR)
2/3

CR ⊂ AR ? ? ?
There are also people thinking that CR ⊂ AR
“If he is unhappy with your work, the CEO will fire you”

“he” and “CEO” are coreferent
“he” appears before “CEO” (cataphore)

*Examples from (Sukthanker et al., 2018)
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Coreference resolution (CR) vs. Anaphora resolution (AR)
3/3

In order to be clear
Coreference : implies that two mentions refer (clearly) to the
same entity
Anaphore : a mention needs an antecedent in order to be
understandable
–> there is not necessarily coreference

*Examples from (Sukthanker et al., 2018)
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Coreference types 1/2

Zero anaphora
“You always have [two fears] : [your commitment] versus
[your fear]”
One anaphora
“Since Samantha has set her eyes on [the beautiful villa by
the beach], she just wants to buy [that one]”
Demonstratives
“[This car] is much more spacious and classy than [that]”
Presuppositions
“If there is [anyone] who can break the spell, it is [you]”

*Examples from (Sukthanker et al., 2018)
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Coreference types 2/2

Split anaphora
“[Kathrine] and [Maggie] love reading. [They] really read
all the time.”
Contextual disambiguation
“The carpenter built a [laminate] and the dentist built [one]
too.”
–> Useful for WSD
Pronominal anaphora
“She had seen [the car] which had met with an accident. [It]
was an old white ambassador.”
Cataphore
““If [he] is unhappy with your work, [the CEO] will fire
you””

*Examples from (Sukthanker et al., 2018)
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Non-anaphoric pronouns

Clefts
“[It] was Tabby who drank the milk.”
Pleonastic “Ìt”
“[It]’s raining man !”

*Examples from (Sukthanker et al., 2018)
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Evaluation metrics 1/4

MUC (1995)
“Link based”
T : gold clusters (Truth) ; R : predicted clusters (Response)
Precision(T ,R) =

∑
r∈R

|r |−|partition(r ,T )|
|r |−1

Recall(T ,R) =
∑

t∈T
|t|−|partition(t,R)|

|t|−1

|partition(r ,T )| : number of clusters in T having a non-empty
intersection with r
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Evaluation metrics 2/4

B3 (1998)
“Mention based”
First computes precision and recall on mentions in every
cluster, then computes a weighted sum from these values :
FinalPrecision =

∑N
i=1 wi ·

|Rmi∩Tmi |
|Rmi |

FinalRecall =
∑N

i=1 wi ·
|Rmi∩Tmi |
|Tmi |
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Evaluation metrics 3/4

CEAF (Constrained Entity Alignement F-masure, 2005)
“Optimal mapping based”
Perform an optimal mapping m between R and T with a
similarity measure φ :

4 different φ are defined (CEAFφi )
the most used :
φ4(T ,R) = 2 |R∩T |

|R|+|T |

CEAFφiPrecision(T ,R) = maxm

∑
r∈R φi (r ,m(r))∑

r∈R φi (r ,r)

CEAFφiRecall(T ,R) = maxm

∑
r∈R φi (r ,m(r))∑

t∈T φi (t,t)
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Evaluation metrics 4/4

Blanc (2014)
“Link based”
Used sets :
CT : Gold coreference clusters
CR : Predicted coreference clusters
NT : Gold non-coreferent mentions
NR : Predicted non-coreferent mentions
Computed metrics :

Rc = |CT∩CR |
|CT | , Pc = |CT∩CR |

|CR |

Rn = |NT∩NR |
|NT | , Pn = |NT∩NR |

|NR |

Final metrics :

Recall = Rc+Rn
2 , Precision = Pc+Pn

2
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Evaluation metrics overview

(Sukthanker et al., 2018)
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Data for coreference resolution

Still a relatively rare resource, much less since few years :
French : ANCOR, Democrat
English : MUC 6 et 7, Semeval 2011 et 2012
Several other languages : (Nedoluzhko et al., 2022)
CorefUD 1.0 : Coreference Meets Universal Dependencies

Semeval 2012 corpus
Version 5 Ontonotes corpus (Pradhan et al., 2012)
–> News data
In 3 languages (English the most used)
Annotation type : coreferences (no non-coreferent anaphora)
–> No singletons
The most used corpus
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General approach to CR

Example

2 steps (end-to-end or not) :
- 1. Mention detection
- 2. Clustering of corefering mentions (entity detection)
Neural end-to-end : all-in-one step, or all steps at the same time

Seq-to-seq (with LLMs)

Introduction Coreference vs. Anaphora Coreference taxonomy Evaluation metrics Articles overview



Introduction Coreference vs. Anaphora Coreference taxonomy Evaluation metrics Articles overview

Best (imho) scientific articles overview

1 (Soon et al., 2001)

2 (Ng and Cardie, 2002)

3 (Fernandez et al., 2012)

4 (Durrett and Klein, 2013)

5 (Clark and Manning, 2015)
* Transition to neural models *

6 (Wiseman et al., 2016)
* Full neural models *

7 (Lee et al., 2017)
* Seq-to-seq neural models (since 2021) *

8 (Zhang et al., 2023)
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Paper (Soon et al., 2001) (1)

Title : A Machine Learning Approach to Coreference Resolution of
Noun Phrases.
Authors : Soon, Ng et Lim

First full machine learning based system
Mention pairs representation with discrete feature vectors
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Paper (Soon et al., 2001) (2)

Figure – Processing pipeline (Soon et al., 2001)

Step 1 : mention detection (markables)
end-to-end ( ! ! !)
Detects 85% of mentions
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Paper (Soon et al., 2001) (3)

Step 2 : Detection of coreferent mentions
Discrete features vectors

Figure – Example of feature instantiation (Soon et al., 2001)
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Paper (Soon et al., 2001) (4)

Training instance generation
Given :
- A coreference chain A = A1, A2, A3, A4
- Another coreference B in the same document
- Other possibly non-coreferent mentions a, b, ...
If a, b, B1 appears for example between A1 and A2

Positive examples : (A1, A2) (A2, A3) (A3, A4)
Negative examples : (a, A2) (b, A2) (B1, A2) . . .
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Paper (Soon et al., 2001) (5)

Example

Training instances generated for the coreference chain e :
- Positives : (union7, union13)
- Negatives : (the carrier9, union13) (wage10, union13) (selective
wage reductions11, union13) (Feb. 312, union13)
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Paper (Soon et al., 2001) (6)

Training algorithm :
Decision trees (C5 (Quinlan 1993))

Figure – Example of decision tree (Wikipedia)
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Paper (Soon et al., 2001) (7)

Evaluation
Data : MUC-6 et MUC-7 (news articles)
respectively 20910 instances (6,5% positive) and 48872
instances (4,4%)
Results :
- MUC-6 : P=67.3, R=58.6, F1=62.6
- MUC-7 : P=65.5, R=56.1, F1=60.4
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Paper (Ng and Cardie, 2002) (1)

Title : Improving Machine Learning Approaches to Coreference
Resolution
Authors : Ng et Cardie
Extension of previous approach (Soon et al., 2001) :

Decision trees : C4.5 (vs. C5)
More features (53 vs. 12)
Better clustering strategy
Better positive examples generation
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Paper (Ng and Cardie, 2002) (2)

Features
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Paper (Ng and Cardie, 2002) (3)

Best first clustering algorithm
Positive instances generation distinguishing noun-phrase and
pronominal mention
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Paper (Ng and Cardie, 2002) (4)

Results

Results of (Soon et al., 2001) :
- MUC-6 : P=67.3, R=58.6, F1=62.6
- MUC-7 : P=65.5, R=56.1, F1=60.4
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Paper (Fernandes et al., 2012) (1)

Title : Latent Structure Perceptron with Feature Induction for
Unrestricted Coreference Resolution
Authors : Fernandes, Dos Santos et Milidiù

Representation of Entities (Clusters) with coreference trees
Learning of latent structures (trees) with the structured
perceptron
Optimization of an entity-level loss function
Entropy-based deduction of complex features
Evaluation on the CoNLL Semeval 2012 data
→ not comparable with previous papers
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Paper (Fernandes et al., 2012) (2)

Two-steps approach :

1 Detection of mentions in raw text
⇒ based on syntactic analysis (noun phrases and pronouns) +
named entities
(dos Santos and Carvalho, 2011)

2 Mention clustering ⇒ structured perceptron
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Paper (Fernandes et al., 2012) (3)

Large margin structure perceptron :

s(y ′; w) = a predictor with parameters w
L(y , y ′) = loss function (margin)
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Paper (Fernandes et al., 2012) (4)
Latent structures : coreference trees
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Paper (Fernandes et al., 2012) (5)
Latent structure learning

H(x) feasible document trees for x
Φ(x , h) feature vector representation of x and h
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Paper (Fernandes et al., 2012) (6)

φ(x, y) uses 70 features from 4 categories :

Lexical
Syntactic
Semantic
Distance and position

+ complex features automatically induced with entropy information
⇒ e.g. 196 features in total for English
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Paper (Fernandes et al., 2012) (7)

Results

Introduction Coreference vs. Anaphora Coreference taxonomy Evaluation metrics Articles overview



Introduction Coreference vs. Anaphora Coreference taxonomy Evaluation metrics Articles overview

Paper (Durret and Klein, 2013) (1)

Title : Easy Victories and Uphill Battles in Coreference Resolution
Authors : Durret and Klein

Same model type as previous paper (Fernandes et al.,
2012) (weighted features)
Automatically extracted features (not based on domain
knowledge)
General purpose features (and not as many as previous paper)
SOTA results
Interesting analysis of “good outcomes” (easy victories) and
errors (uphill battles)
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Paper (Durret and Klein, 2013) (2)

Mention detection : texts annotated with syntactic analysis
and named entities
3 types of mentions :
- pronouns (POS tags in syntactic analysis)
- proper names (from named entities)
- noun phrases (from syntactic analysis)
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Paper (Durret and Klein, 2013) (3)

Coreference model : log-linear model

Avec :
x : surface-level document context (plus any information...)
a = (a1, . . . , aN) a particular clustering where ai = j means
the antecedent of mention i is mention j
ai ∈ {1, . . . , i − 1,NEW }
f feature functions
w model parameters
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Paper (Durret and Klein, 2013) (4)

Model training :
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Paper (Durret and Klein, 2013) (5)
Features :
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Paper (Durret and Klein, 2013) (6)

Joint features :
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Paper (Durret and Klein, 2013) (7)

Easy victories :

State-of-the-art results despite a relatively small set of features
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Paper (Durret and Klein, 2013) (8)

Analysis : same results with automatic features and heuristics !

Errors :
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Paper (Durret and Klein, 2013) (9)

Uphill battles : features

Hyperonyms et synonims from WordNet

Number and gender of mentions

Named entities

Latent clusters (e.g. president, leader ...)

Introduction Coreference vs. Anaphora Coreference taxonomy Evaluation metrics Articles overview



Introduction Coreference vs. Anaphora Coreference taxonomy Evaluation metrics Articles overview

Paper (Durret and Klein, 2013) (10)

Uphill battles : results
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Paper (Clark and Manning, 2015) (1)

Title : Entity-Centric Coreference Resolution with Model Stacking
Authors : Clark and Manning

2 local models on mention pairs
+ an incremental clustering model (generating coreference
chains)
First incremental approach
State-of-the-art results
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Paper (Clark and Manning, 2015) (2)

2 local models on mention pairs :

classification model
ranking model

Both formalized as logistic models :

Same features, different parameters (θc ,θr ) and loss function
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Paper (Clark and Manning, 2015) (3)
Local models on mention pairs, loss functions :
- classifier

- ranking model

M (all) mention set
T (m) mentions coreferent with m (True)
F(m) mentions not coreferent with m (False)
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Paper (Clark and Manning, 2015) (4)

Features :

Distance
Syntactic
Semantic
Rule based
Lexical
Joint features (Durrett and Klein, 2013)
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Paper (Clark and Manning, 2015) (5)

Clustering model (Entity-Centric), example :
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Paper (Clark and Manning, 2015) (6)

Results : comparison to a best first strategy
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Paper (Clark and Manning, 2015) (7)

Results : comparison to the litterature
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Paper (Wiseman et al., 2016) (1)

Title : Learning Global Features for Coreference Resolution
Authors : Wiseman, Rush et Shieber

Local model : mention ranking ...
... but informed with global information :
a (vector) representation of clusters !
First approach of this type (using cluster vector
representations)
SOTA results (of course !)
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Paper (Wiseman et al., 2016) (2)

Motivations :
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Paper (Wiseman et al., 2016) (3)

Model :

Where :
- f (xn, yn) local mention ranking model
- g(xn, yn, z1:n−1) global model with partial clustering z1:n−1
We define :

Y(xn) the possible antecedents of xn,
Y(xn) = {1, . . . , n − 1, ε}
(X (m))M

1 set of M clusters
z ∈ {1, . . . ,M}N , zn = m⇒ xn ∈ X (m)

X (m)
j is the j-th mention in cluster X (m)
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Paper (Wiseman et al., 2016) (4)

Computation of mention representations (for cluster) :

Avec :
- φa(xn) sparse vector ({0, 1}F ) representing some discrete features
- W c ,bc parameters (to be learned)
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Paper (Wiseman et al., 2016) (5)

Computation of cluster representations :
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Paper (Wiseman et al., 2016) (6)

Visualization of cluster representations :
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Paper (Wiseman et al., 2016) (7)

Local (mention ranking) model f (xn, y)
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Paper (Wiseman et al., 2016) (8)

Global model g(xn, y , z1:n−1) :
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Paper (Wiseman et al., 2016) (9)

Learning function (loss) :
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Paper (Wiseman et al., 2016) (10)

Inference :
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Paper (Wiseman et al., 2016) (11)

Results :
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Paper “Kenton Lee” 2017

Title : End-to-end Neural Coreference Resolution
Authors : Lee, He, Lewis et Zettlemoyer

Caractéristiques
First end-to-end neural system
It does not use gold mentions
Implicitly solve the nested mention problem
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Paper “Kenton Lee” 2017 (continued...)

The model

P(y1, . . . , yN |D) =
∏N

i=1 P(yi |D) =
∏N

i=1
exp(s(i ,yi ))∑

y′∈Y (i) exp(s(i ,y ′))

s(i , j) =
{
0 j = ε

sm(i) + sm(j) + sa(i , j) j , ε

sm(i) = wm · FFNN(gi )
sa(i , j) = wa · FFNN(gi , gj , gi � gj , φ(i , j))
gi representation of word mentions
φ(i , j) encode speaker, gender, mention distance
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Paper “Kenton Lee” 2017 (continued...)
Mention representation :
- x∗t hidden state from a bidirectional LSTM
- soft (syntactic) head :

- final representation :
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Paper “Kenton Lee” 2017 (continued...)

Neural architecture

*Image de (Lee et al. 2017)
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Paper “Kenton Lee” 2017 (continued...)

Problem
Generate all possible segmentations of a text of length T
(O(T 4))
In order to overcome such complexity :

L : maximum span length
λT : fraction of best mentions kept (scored with sm(i))
K : maximum number of antecedent for each mention
Segments cannot overlap (cross)

Learning function
Use the log-likelihood on the gold clusters
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Paper “Kenton Lee” 2017 : evaluation 1/3

Global results
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Paper “Kenton Lee” 2017 : evaluation 2/3

Ablation test
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Paper “Kenton Lee” 2017 : evaluation 3/3

Attention !
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Paper Sequence-to-sequence 2023

Title : Seq2seq is All You Need for Coreference Resolution
Authors : Wenzheng Zhang, Sam Wiseman, Karl Stratos

Key points
Full sequence-to-sequence model
It relies (heavely) on a T5 model

for encoding text
for encoding the context ...

No specific functionality for coreference resolution (what a
pity !)
SOTA results (or almost)
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Paper Sequence-to-sequence 2023 (continued)

Linearization of coreference annotation
Input : a, b, c, d, e
Clusters : (2, 2, 1), (5, 5, 2), (2, 3, 2)
- format : (start-token, end-token, cluster-id)
Output : a <m> <m> b | 1 </m> c | 2 </m> d <m> e |
2 </m>
Constrained decoding
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Paper Sequence-to-sequence 2023 (continued)

Results
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