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Motivation 

ÅRelated tasks in NLP
ÅNER, Chunking and POS Tagging

Joi runs the MIT Media Lab .
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Motivation 

ÅPipelines in NLP
ÅEntity and Relation

Associated Press writer Patrick McDowell in Kuwait City
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Motivation 

ÅPipelines in NLP
ÅEntity and Sentiment

So excited to meet my baby Farah !!!

So excited to meet my [baby Farah] !!!

So excited to meet my [baby Farah]+ !!!

sentence

NER

Sentiment 
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Motivation 

ÅJoint model
ÅReduce error propagation

ÅAllow information exchange between tasks

ÅChallenge
ÅJoint learning

ÅSearch 
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Graph-Based Methods

ÅTraditional solution
ÅScore each candidate, select the highest-scored output

ÅSearch-space typically exponential
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Joint Segmentation and POS tagging

ÅTasks

Input 

Segmenter

Tagger

Words

POS

Characters



Joint Segmentation and POS tagging

ÅTask

Ng, Hwee Tou, and Jin Kiat Low. "Chinese part-of-speech tagging: One-at-a-time or all-at-once? word-based or 

character-based?." EMNLP. 2004.
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Joint Segmentation and POS tagging

ÅCollapsing labels

Ng, Hwee Tou, and Jin Kiat Low. "Chinese part-of-speech tagging: One-at-a-time or all-at-once? word-based or 

character-based?." EMNLP. 2004.

҉

BE      BE BE

NN     VV        NN

҉

B-NN E-NN B-VV  E-VV B-NN E-NN



Joint Segmentation and POS tagging

ÅAll-at-Once, Character-Based POS Tagger and Segmenter : 
Feature 

Ng, Hwee Tou, and Jin Kiat Low. "Chinese part-of-speech tagging: One-at-a-time or all-at-once? word-based or 

character-based?." EMNLP. 2004.



Joint Segmentation and POS tagging

ÅResults on CTB

Ng, Hwee Tou, and Jin Kiat Low. "Chinese part-of-speech tagging: One-at-a-time or all-at-once? word-based or 

character-based?." EMNLP. 2004.



Joint Parsing and NER

Finkel, Jenny Rose, and Christopher D. Manning. "Joint parsing and named entity recognition." Proceedings of 

Human Language Technologies: The 2009 Annual Conference of the North American Chapter of the Association 

for Computational Linguistics. Association for Computational Linguistics, 2009.

ÅA joint model of both parsing and named entity recognition. 



Joint Parsing and NER

Finkel, Jenny Rose, and Christopher D. Manning. "Joint parsing and named entity recognition." Proceedings of 

Human Language Technologies: The 2009 Annual Conference of the North American Chapter of the Association 

for Computational Linguistics. Association for Computational Linguistics, 2009.

ÅA feature-based CRF-CFG parser operating over tree structures 
augmented with NER information. 



Joint Parsing and NER

Finkel, Jenny Rose, and Christopher D. Manning. "Joint parsing and named entity recognition." Proceedings of 

Human Language Technologies: The 2009 Annual Conference of the North American Chapter of the Association 

for Computational Linguistics. Association for Computational Linguistics, 2009.

ÅResults:
ÅOn OntoNotes
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Joint Segmentation and POS Tagging 

ÅTwo separate CRF taggers.

ÅSeparately trained, reranking.

ÅUse tag sequence score to rank segmentation.

Shi, Yanxin, and Mengqiu Wang. "A Dual-layer CRFs Based Joint Decoding Method for Cascaded Segmentation 

and Labeling Tasks." IJcAI. 2007.



Shi, Yanxin, and Mengqiu Wang. "A Dual-layer CRFs Based Joint Decoding Method for Cascaded Segmentation 

and Labeling Tasks." IJcAI. 2007.

ÅDual-layer CRFs

Joint Segmentation and POS Tagging 



Shi, Yanxin, and Mengqiu Wang. "A Dual-layer CRFs Based Joint Decoding Method for Cascaded Segmentation 

and Labeling Tasks." IJcAI. 2007.

ÅResults on Segmentation

Joint Segmentation and POS Tagging 



Shi, Yanxin, and Mengqiu Wang. "A Dual-layer CRFs Based Joint Decoding Method for Cascaded Segmentation 

and Labeling Tasks." IJcAI. 2007.

ÅResults on POS Tagging

Joint Segmentation and POS Tagging 



Joint Parsing and SRL

Sutton, Charles, and Andrew McCallum. "Joint parsing and semantic role labeling." Proceedings of the Ninth 

Conference on Computational Natural Language Learning. Association for Computational Linguistics, 2005.

ÅTask 

Input 

Parser

SRL

Syntax

Semantic Roles



Joint Parsing and SRL

Sutton, Charles, and Andrew McCallum. "Joint parsing and semantic role labeling." Proceedings of the Ninth 

Conference on Computational Natural Language Learning. Association for Computational Linguistics, 2005.

ÅRerank k-best parse trees from a probabilistic parser using an 
SRL system.



Joint Parsing and SRL

Sutton, Charles, and Andrew McCallum. "Joint parsing and semantic role labeling." Proceedings of the Ninth 

Conference on Computational Natural Language Learning. Association for Computational Linguistics, 2005.

ÅOverall results 

ÅDid not beat a pipeline baseline

Many subsequent CoNLL shared tasks show difficulties for this joint task
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Graph-Based Methods

ÅJoint Label Structure

ÅReranking

ÅJoint Modeling (Multi task)

ÅJoint Modeling (Single task)



Joint Modeling

ÅJoint Search, separate training

ÅSearch complex problem
ÅILP

ÅBP

ÅDual Decomposition

Auli, Michael, and Adam Lopez. "A comparison of loopy belief propagation and dual decomposition for integrated 

CCG supertagging and parsing." Proceedings of the 49th Annual Meeting of the Association for Computational 

Linguistics: Human Language Technologies-Volume 1. Association for Computational Linguistics, 2011.



Joint Entity and Sentiment

Yang, Bishan, and Claire Cardie. "Joint Inference for Fine-grained Opinion Extraction." ACL (1). 2013.

ÅTask:
ÅOpinion linking relations 
ÅThe numberic subscripts denote linking relations, one of IS-ABOUT OR IS-FROM

ÅOpinion entities:
ÅOpinion expressions: O

ÅOpinion targets: T

ÅOpinion holders: H

[The workers][H1,2] were irked [O1] by [the government report][T1] 

and were worried[O2] as they went about their daily chores. 

jointly identifies opinion-

related entities, as well as 

opinion linking relations



Joint Entity and Sentiment

Yang, Bishan, and Claire Cardie. "Joint Inference for Fine-grained Opinion Extraction." ACL (1). 2013.

ÅModel
ÅFormulate the task of opinion entity identification as a sequence 

labeling problem and employ conditional random fields (CRFs) to learn 
the probability of a sequence assignment y for a given sentence x;

ÅTreat the relation extraction problem as a combination of two binary 
classification problems and use L1-regularized logistic regression to 
train the classifiers; 

ÅOptimize the joint objective function which is defined as a linear 
combination of the potentials from different predictors with a parameter 
ɚto balance the contribution of these two components: opinion entity 
identification and opinion relation extraction.



Joint Entity and Sentiment

Yang, Bishan, and Claire Cardie. "Joint Inference for Fine-grained Opinion Extraction." ACL (1). 2013.

ÅCRF

t1 t2

w1 w2

éé tn

wnéé

D ïOpinion expression

T ïOpinion target

H ïOpinion Holder

N ïOpinion None



Joint Entity and Sentiment

Yang, Bishan, and Claire Cardie. "Joint Inference for Fine-grained Opinion Extraction." ACL (1). 2013.

ÅA classification model for opinion target relation

ÅA classification model for opinion holder relation

ÅSyntactic and semantic features are used



Joint Entity and Sentiment

Yang, Bishan, and Claire Cardie. "Joint Inference for Fine-grained Opinion Extraction." ACL (1). 2013.

ÅJoint scoring function by linear interpolation

ὛὧέὶὩ‗ɇὛὧέὶὩ

ρ ‗ɇὛὧέὶὩ



Joint Entity and Sentiment

Yang, Bishan, and Claire Cardie. "Joint Inference for Fine-grained Opinion Extraction." ACL (1). 2013.

ÅILP for search
ÅConstraint 1: Uniqueness

ÅConstraint 2: Non-overlapping

ÅConstraint 3: Consistency between the opinion-arg and opinion-implicit-
arg classifiers

ÅConstraint 4: Consistency between opinion-arg classifier and opinion 
entity extractor

ÅConstraint 5: Consistency between the opinion-implicit-arg classifier 
and opinion entity extractor



Joint Entity and Sentiment

Yang, Bishan, and Claire Cardie. "Joint Inference for Fine-grained Opinion Extraction." ACL (1). 2013.

ÅResults on MPQA



Joint Entity and Sentiment

Yang, Bishan, and Claire Cardie. "Joint Inference for Fine-grained Opinion Extraction." ACL (1). 2013.

ÅResults on MPQA



Joint Supertagging and Parsing

ÅTasks

Input 

Super tagger

Parser

CCG Supertagging

CCG Parsing



ÅCCG parsing (for English, Chinese and other languages) is to 
find the syntactic structures of written text based on 
combinatory categorial grammars.

Supper tagging and parsing

Joint Supertagging and Parsing

Marcel proved completeness

NP (S\ NP)/NP NP

S\ NP

S

Auli, Michael, and Adam Lopez. "A comparison of loopy belief propagation and dual decomposition for integrated 

CCG supertagging and parsing." Proceedings of the 49th Annual Meeting of the Association for Computational 

Linguistics: Human Language Technologies-Volume 1. Association for Computational Linguistics, 2011.



Joint Supertagging and Parsing

Auli, Michael, and Adam Lopez. "A comparison of loopy belief propagation and dual decomposition for integrated 

CCG supertagging and parsing." Proceedings of the 49th Annual Meeting of the Association for Computational 

Linguistics: Human Language Technologies-Volume 1. Association for Computational Linguistics, 2011.

ÅCCG traditionally done by supertagging -> parsing



Joint Supertagging and Parsing

Auli, Michael, and Adam Lopez. "A comparison of loopy belief propagation and dual decomposition for integrated 

CCG supertagging and parsing." Proceedings of the 49th Annual Meeting of the Association for Computational 

Linguistics: Human Language Technologies-Volume 1. Association for Computational Linguistics, 2011.

ÅLoopy belief propagation

ÅFactor graph for the combined parsing and supertagging model



Joint Supertagging and Parsing

Auli, Michael, and Adam Lopez. "A comparison of loopy belief propagation and dual decomposition for integrated 

CCG supertagging and parsing." Proceedings of the 49th Annual Meeting of the Association for Computational 

Linguistics: Human Language Technologies-Volume 1. Association for Computational Linguistics, 2011.

ÅDual decomposition: Lagrangian method for constraint 
optimization



Joint Supertagging and Parsing

Auli, Michael, and Adam Lopez. "A comparison of loopy belief propagation and dual decomposition for integrated 

CCG supertagging and parsing." Proceedings of the 49th Annual Meeting of the Association for Computational 

Linguistics: Human Language Technologies-Volume 1. Association for Computational Linguistics, 2011.

ÅResults 

BP: Belief Propagation
DD: Dual Decomposition
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Graph-Based Methods

ÅJoint Label Structure

ÅReranking

ÅJoint Modeling (Multi task)

ÅJoint Modeling (Single task)



Joint Modeling (Single task)

ÅA Single Model

ὛὧέὶὩū(◐)Å‫

where◐is the model features



Joint Segmentation and POS Tagging

Zhang, Yue, and Stephen Clark. "Joint Word Segmentation and POS Tagging Using a Single Perceptron." ACL. 

2008.

ÅTask

Input ӥ Ilikereadingbooks

Output       /PN /V /V ӥ/N    I/PN like/V reading/V books/N



Joint Segmentation and POS Tagging

Zhang, Yue, and Stephen Clark. "Joint Word Segmentation and POS Tagging Using a Single Perceptron." ACL. 

2008.

ÅFeature templates for the baseline segmentor



Joint Segmentation and POS Tagging

Zhang, Yue, and Stephen Clark. "Joint Word Segmentation and POS Tagging Using a Single Perceptron." ACL. 

2008.

ÅFeature templates for the baseline POS tagger



Joint Segmentation and POS Tagging

Zhang, Yue, and Stephen Clark. "Joint Word Segmentation and POS Tagging Using a Single Perceptron." ACL. 

2008.

ÅPerceptron with both segmentation and POS features

The perceptron learning algorithm



Joint Segmentation and POS Tagging

Zhang, Yue, and Stephen Clark. "Joint Word Segmentation and POS Tagging Using a Single Perceptron." ACL. 

2008.

ÅThe decoding algorithm for the joint word segmentor and POS 
tagger, agendas[i] stores the best sequences that end at i

PN PN VV

PN NN

VV
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Joint Segmentation and POS Tagging

Zhang, Yue, and Stephen Clark. "Joint Word Segmentation and POS Tagging Using a Single Perceptron." ACL. 

2008.

ÅResults by 10-fold cross validation using CTB



Joint Entity Relation Extraction

Li, Qi, and Heng Ji. "Incremental Joint Extraction of Entity Mentions and Relations." ACL (1). 2014.

ÅTask



Joint Entity Relation Extraction

Li, Qi, and Heng Ji. "Incremental Joint Extraction of Entity Mentions and Relations." ACL (1). 2014.

ÅA Single Model



Joint Entity Relation Extraction

Li, Qi, and Heng Ji. "Incremental Joint Extraction of Entity Mentions and Relations." ACL (1). 2014.

ÅBeam Search



Joint Entity Relation Extraction

Li, Qi, and Heng Ji. "Incremental Joint Extraction of Entity Mentions and Relations." ACL (1). 2014.

ÅFeature
ÅLocal features
ÅGazetteer features
ÅCase features
ÅContextual features
ÅParsing-based features

ÅGlobal entity mention features
ÅCoreference consistency
ÅNeighbor coherence
ÅPart-of-whole consistency

ÅGlobal relation features
ÅRole coherence
ÅTriangle constraint
ÅInter-dependent compatibility
ÅNeighbor coherence



Joint Entity Relation Extraction

Li, Qi, and Heng Ji. "Incremental Joint Extraction of Entity Mentions and Relations." ACL (1). 2014.

ÅExperiments 
ÅData: 
ÅTraining data: ACEô05

ÅValidation data: ACEô04



Joint Entity Relation Extraction

Li, Qi, and Heng Ji. "Incremental Joint Extraction of Entity Mentions and Relations." ACL (1). 2014.

ÅResults on ACE 



Statistical Models

ÅGraph-Based Methods

ÅTransition-Based Methods



A Transition System

ÅAutomata
ÅState
ÅStart state ðð an empty structure

ÅEnd state ðð the output structure

ÅIntermediate states ðð partially constructed structures

ÅActions
ÅChange one state to another

Yue Zhang and Stephen Clark. 2011. Syntactic Processing Using the Generalized Perceptron and Beam Search. In Computational Linguistics, 37(1), March.



ÅAutomata

A Transition System

start

Yue Zhang and Stephen Clark. 2011. Syntactic Processing Using the Generalized Perceptron and Beam Search. In Computational Linguistics, 37(1), March.
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A Transition System
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ÅAutomata

A Transition System

start é
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ÅAutomata

A Transition System

start é

a0

S1 Si
é Sn end

a1 ai-1 ai an-1 an

Yue Zhang and Stephen Clark. 2011. Syntactic Processing Using the Generalized Perceptron and Beam Search. In Computational Linguistics, 37(1), March.



ÅState
ÅCorresponds to partial results during decoding
Åstart state, end state, Si

ÅActions
ÅThe operations that can be applied for state transition
ÅConstruct output incrementally
Åai

A Transition System

start é

a0

S1 Si
é Sn end

a1 ai-1 ai an-1 an

Yue Zhang and Stephen Clark. 2011. Syntactic Processing Using the Generalized Perceptron and Beam Search. In Computational Linguistics, 37(1), March.



Transition-based Dependency Parsing

ÅAn Example 
ÅS-SHIFT

ÅR-REDUCE

ÅAL-ARC-LEFT

ÅAR-ARC-RIGHT
He does it here

Yue Zhang and Stephen Clark. 2011. Syntactic Processing Using the Generalized Perceptron and Beam Search. In Computational Linguistics, 37(1), March.
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ÅFind the best sequence of actions 

ÅExponential 

Search Space

S0
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SΩ1
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Yue Zhang and Stephen Clark. 2011. Syntactic Processing Using the Generalized Perceptron and Beam Search. In Computational Linguistics, 37(1), March.



A Learning+Search Framework

start

Yue Zhang and Stephen Clark. 2011. Syntactic Processing Using the Generalized Perceptron and Beam Search. In Computational Linguistics, 37(1), March.



A Learning+Search Framework
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A Learning+Search Framework

ÅDependency Parsing Example
ÅDecoding

Yue Zhang and Stephen Clark. 2011. Syntactic Processing Using the Generalized Perceptron and Beam Search. In Computational Linguistics, 37(1), March.

He does it here



A Learning+Search Framework

ÅDependency Parsing Example
ÅDecoding

He does it here does it hereHe S

Yue Zhang and Stephen Clark. 2011. Syntactic Processing Using the Generalized Perceptron and Beam Search. In Computational Linguistics, 37(1), March.



A Learning+Search Framework

ÅDependency Parsing Example
ÅDecoding
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A Learning+Search Framework

ÅDependency Parsing Example
ÅDecoding
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A Learning+Search Framework
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ÅSearch not optional (vs graph-based structured prediction)

ÅLearn to fix search errors

A Learning+Search Framework
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A Learning+Search Framework 

ÅAdvantages
ÅLow computation complexity

ÅArbitrary non-local features

ÅLearning-guided-search

Yue Zhang and Stephen Clark. 2011. Syntactic Processing Using the Generalized Perceptron and Beam Search. In Computational Linguistics, 37(1), March.



A Learning+Search Framework

ÅState-of-the-art accuracies and speeds
ÅConstituent parsing

ÅDependency parsing

ÅWord Segmentation

ÅCCG parsing

ÅEnable joint models
ÅAddress complex search space and use joint features, which have 

been difficult for traditional models
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A Learning+Search Framework

ÅGlobal Normalization for Neural Structured Prediction
ÅZhou et al., (2015)

ÅWatanabe et al., (2015)

ÅAndor et al., (2016)

ÅRush et al., (2016)

Hao Zhou, Yue Zhang, Shujian Huang and Jiajun Chen. A Neural Probabilistic Structured-Prediction Model for Transition-based Dependency Parsing. In

Proceedings of ACL 2015, Beijing, China, July.

Watanabe, Taro, and Eiichiro Sumita. "Transition-based neural constituent parsing." Proceedings of the 53rd Annual Meeting of the Association for Computational

Linguistics and the 7th International Joint Conference on Natural Language Processing (Volume 1: Long Papers). Vol. 1. 2015.

Andor Daniel, Chris Alberti, David Weiss, Aliaksei Severyn, Alessandro Presta, Kuzman Ganchev, Slav Petrov, Michael Collins "Globally normalized transition-

based neural networks." arXiv preprint arXiv:1603.06042 (2016).

Wiseman, Sam, and Alexander M. Rush. "Sequence-to-sequence learning as beam-search optimization." arXiv preprint arXiv:1606.02960 (2016).



Joint Segmentation and POS Tagging

ÅThe transition system
ÅState
ÅPartial segmented results

ÅUnprocessed characters 

ÅTwo actions 
ÅSeparate (t) : t is a POS tag

ÅAppend

Zhang and Clark, EMNLP 2010

Yue Zhang and Stephen Clark. A Fast Decoder for Joint Word Segmentation and POS-tagging Using a Single 

Discriminative Model. In proceedings of EMNLP 2010. Massachusetts, USA. October.



Joint Segmentation and POS Tagging

ÅThe transition system
ÅInitial state 

ӥ

Yue Zhang and Stephen Clark. A Fast Decoder for Joint Word Segmentation and POS-tagging Using a Single 

Discriminative Model. In proceedings of EMNLP 2010. Massachusetts, USA. October.
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Joint Segmentation and POS Tagging

ÅThe transition system
ÅAppend

ӥ/PN /V
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Joint Segmentation and POS Tagging

ÅThe transition system
ÅSeparate (N)

/PN /V /V ӥ/N

Yue Zhang and Stephen Clark. A Fast Decoder for Joint Word Segmentation and POS-tagging Using a Single 

Discriminative Model. In proceedings of EMNLP 2010. Massachusetts, USA. October.

/PN /V /V ӥ/ N
[I] [like] [reading] [books]



Joint Segmentation and POS Tagging

ÅThe transition system
ÅEnd state

/PN /V /V ӥ/N

Yue Zhang and Stephen Clark. A Fast Decoder for Joint Word Segmentation and POS-tagging Using a Single 

Discriminative Model. In proceedings of EMNLP 2010. Massachusetts, USA. October.
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Joint Segmentation and POS Tagging

ÅSegmentation Feature templates

Yue Zhang and Stephen Clark. A Fast Decoder for Joint Word Segmentation and POS-tagging Using a Single 

Discriminative Model. In proceedings of EMNLP 2010. Massachusetts, USA. October.

Non-local



Joint Segmentation and POS Tagging

ÅPOS Feature templates

Yue Zhang and Stephen Clark. A Fast Decoder for Joint Word Segmentation and POS-tagging Using a Single 

Discriminative Model. In proceedings of EMNLP 2010. Massachusetts, USA. October.

Word-level



Joint Segmentation and POS Tagging

ÅExperiments on CTB 5

SF JF

K09 (error-driven) 97.87 93.67

This work 97.78 93.67

Zhang 2008 97.82 93.62

K09 (baseline) 97.79 93.60

J08a 97.85 93.41

J08b 97.74 93.37

N07 97.83 93.32

SF = segmentation F-score; JF = joint segmentation and POS-tagging F-score

Yue Zhang and Stephen Clark. A Fast Decoder for Joint Word Segmentation and POS-tagging Using a Single 

Discriminative Model. In proceedings of EMNLP 2010. Massachusetts, USA. October.



Joint Segmentation/Tagging/Chunking

ÅInput ⌠ז ֤ Ȃ

Output     [NP ז/NR] [VP ⌠ /VV] [NP ֤/NR /NN] [O Ȃ/PU] 

[He] [arrived] [Beijing airport] [.]

ÅChunking knowledge can potentially improve 
segmentation/tagging. 

ÅChunk cluster features to avoid sparsity. 

Chen Lyu, Yue Zhang and Donghong Ji. Joint Word Segmentation, POS-Tagging and Syntactic Chunking. In 

Proceedings of the AAAI 2016, Phoenix, Arizona, USA, February.



Joint Segmentation/Tagging/Chunking

ÅCharacter-based chunking 
ÅAction: initial state

Chen Lyu, Yue Zhang and Donghong Ji. Joint Word Segmentation, POS-Tagging and Syntactic Chunking. In 

Proceedings of the AAAI 2016, Phoenix, Arizona, USA, February.
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Joint Segmentation/Tagging/Chunking

ÅCharacter-based chunking 
ÅAction: SEP(NR)

Chen Lyu, Yue Zhang and Donghong Ji. Joint Word Segmentation, POS-Tagging and Syntactic Chunking. In 

Proceedings of the AAAI 2016, Phoenix, Arizona, USA, February.
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ÅCharacter-based chunking 
ÅAction: FIN W
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Joint Segmentation/Tagging/Chunking

ÅCharacter-based chunking 
ÅAction: SEP(VV)
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Joint Segmentation/Tagging/Chunking

ÅCharacter-based chunking 
ÅAction: APP W
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Joint Segmentation/Tagging/Chunking

ÅCharacter-based chunking 
ÅAction: SEP(VP)
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Proceedings of the AAAI 2016, Phoenix, Arizona, USA, February.
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Joint Segmentation/Tagging/Chunking

ÅCharacter-based chunking 
ÅAction: APP W
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Joint Segmentation/Tagging/Chunking

ÅCharacter-based chunking 
ÅAction: FIN W
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Joint Segmentation/Tagging/Chunking

ÅCharacter-based chunking 
ÅAction: APP C

Chen Lyu, Yue Zhang and Donghong Ji. Joint Word Segmentation, POS-Tagging and Syntactic Chunking. In 

Proceedings of the AAAI 2016, Phoenix, Arizona, USA, February.
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Joint Segmentation/Tagging/Chunking

ÅCharacter-based chunking 
ÅAction: SEP(PU)

Chen Lyu, Yue Zhang and Donghong Ji. Joint Word Segmentation, POS-Tagging and Syntactic Chunking. In 

Proceedings of the AAAI 2016, Phoenix, Arizona, USA, February.

[Ȃ/PU
[NP ז/NR]

[VP ⌠ /VV]

[NP ֤/NR /NN]

[NP ז/NR] [VP ⌠ /VV] [NP ֤/NR /NN] [O Ȃ/PU] 

[He] [arrived] [Beijing airport] [.]

word bufferchunk buffer character buffer



Joint Segmentation/Tagging/Chunking

ÅCharacter-based chunking 
ÅAction: FIN W
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Joint Segmentation/Tagging/Chunking

ÅCharacter-based chunking 
ÅAction: SEP(O)

Chen Lyu, Yue Zhang and Donghong Ji. Joint Word Segmentation, POS-Tagging and Syntactic Chunking. In 

Proceedings of the AAAI 2016, Phoenix, Arizona, USA, February.
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Joint Segmentation/Tagging/Chunking

ÅCharacter-based chunking feature template 

Chen Lyu, Yue Zhang and Donghong Ji. Joint Word Segmentation, POS-Tagging and Syntactic Chunking. In 

Proceedings of the AAAI 2016, Phoenix, Arizona, USA, February.



Joint Segmentation/Tagging/Chunking

ÅResults on CTB 

Chen Lyu, Yue Zhang and Donghong Ji. Joint Word Segmentation, POS-Tagging and Syntactic Chunking. In 

Proceedings of the AAAI 2016, Phoenix, Arizona, USA, February.



Joint Segmentation, Tagging and 
Normalization

ÅText normalization is introduced as a pre-processing step for 
microblog processing, which transforms informal words into 
their standard forms. For example, ñtmrwò has been frequently 
used in tweets for is for ñtomorrowò. 

ÅTask

Tao Qian, Yue Zhang, Meishan Zhang and Donghong Ji. A Transition-based Model for Joint Segmentation, POS-

tagging and Normalization. In proceedings of EMNLP 2015, Lisboa, Portugal, September.
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Joint Segmentation, Tagging and 
Normalization

ÅNormalization dictionary

Tao Qian, Yue Zhang, Meishan Zhang and Donghong Ji. A Transition-based Model for Joint Segmentation, POS-

tagging and Normalization. In proceedings of EMNLP 2015, Lisboa, Portugal, September.



Joint Segmentation, Tagging and 
Normalization

ÅTransition actions for joint segmentation, tagging and 
normalization
ÅActions: initial state

Tao Qian, Yue Zhang, Meishan Zhang and Donghong Ji. A Transition-based Model for Joint Segmentation, POS-

tagging and Normalization. In proceedings of EMNLP 2015, Lisboa, Portugal, September.
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Joint Segmentation, Tagging and 
Normalization

ÅTransition actions for joint segmentation, tagging and 
normalization
ÅActions: SEP( , NN)

Tao Qian, Yue Zhang, Meishan Zhang and Donghong Ji. A Transition-based Model for Joint Segmentation, POS-

tagging and Normalization. In proceedings of EMNLP 2015, Lisboa, Portugal, September.
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Joint Segmentation, Tagging and 
Normalization

ÅTransition actions for joint segmentation, tagging and 
normalization
ÅActions: APP(ᵬ)

Tao Qian, Yue Zhang, Meishan Zhang and Donghong Ji. A Transition-based Model for Joint Segmentation, POS-

tagging and Normalization. In proceedings of EMNLP 2015, Lisboa, Portugal, September.
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ÅTransition actions for joint segmentation, tagging and 
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Joint Segmentation, Tagging and 
Normalization

ÅTransition actions for joint segmentation, tagging and 
normalization
ÅActions: APP( )

Tao Qian, Yue Zhang, Meishan Zhang and Donghong Ji. A Transition-based Model for Joint Segmentation, POS-

tagging and Normalization. In proceedings of EMNLP 2015, Lisboa, Portugal, September.
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Joint Segmentation, Tagging and 
Normalization

ÅTransition actions for joint segmentation, tagging and 
normalization
ÅActions: SEPS( , VA, ⱬ)

Tao Qian, Yue Zhang, Meishan Zhang and Donghong Ji. A Transition-based Model for Joint Segmentation, POS-

tagging and Normalization. In proceedings of EMNLP 2015, Lisboa, Portugal, September.
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Joint Segmentation, Tagging and 
Normalization

ÅTransition actions for joint segmentation, tagging and 
normalization
ÅActions: SEP( , SP)

Tao Qian, Yue Zhang, Meishan Zhang and Donghong Ji. A Transition-based Model for Joint Segmentation, POS-
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Joint Segmentation, Tagging and 
Normalization

ÅTransition actions for joint segmentation, tagging and 
normalization
ÅActions: SEP(˻, PU)

Tao Qian, Yue Zhang, Meishan Zhang and Donghong Ji. A Transition-based Model for Joint Segmentation, POS-

tagging and Normalization. In proceedings of EMNLP 2015, Lisboa, Portugal, September.
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Joint Segmentation, Tagging and 
Normalization

ÅFeatures
ÅThe segmentation feature templates of Zhang and Clark (2011)

ÅExtracting language model features by using word-based language 
model learned from a large quantity of standard texts

Tao Qian, Yue Zhang, Meishan Zhang and Donghong Ji. A Transition-based Model for Joint Segmentation, POS-

tagging and Normalization. In proceedings of EMNLP 2015, Lisboa, Portugal, September.



Joint Segmentation, Tagging and 
Normalization

ÅResults on CTB

Tao Qian, Yue Zhang, Meishan Zhang and Donghong Ji. A Transition-based Model for Joint Segmentation, POS-

tagging and Normalization. In proceedings of EMNLP 2015, Lisboa, Portugal, September.



Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅTraditional: word-based Chinese parsing

CTB-style word-ōŀǎŜŘ ǎȅƴǘŀȄ ǘǊŜŜ ŦƻǊ άҬ (China) ҙ (architecture industry) (show) 
(new) όǇŀǘǘŜǊƴύέΦ

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings 

of ACL 2013. Sophia, Bulgaria. August.



Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅThis: character-based Chinese parsing

Character-ƭŜǾŜƭ ǎȅƴǘŀȄ ǘǊŜŜ ǿƛǘƘ ƘƛŜǊŀǊŎƘŀƭ ǿƻǊŘ ǎǘǊǳŎǘǳǊŜǎ ŦƻǊ άҬ (middle) (nation) (construction) 
(building) ҙ (industry) (present) (show) (new) (style) όǎƛǘǳŀǘƛƻƴύέΦ

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings 

of ACL 2013. Sophia, Bulgaria. August.



Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅWhy character-based?
ÅChinese words have syntactic structures.

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings 

of ACL 2013. Sophia, Bulgaria. August.
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Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅWhy character-based?
ÅDeep character information of word structures.

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings 
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Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅWhy character-based?
ÅDeep character information of word structures.

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings 

of ACL 2013. Sophia, Bulgaria. August.



Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅThe character-based parsing model
ÅA transition-based parser

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings 

of ACL 2013. Sophia, Bulgaria. August.



Constituent Parsing

ÅExample
ÅSHIFT

Transition-based Constituent Parsing

Yue Zhang and Stephen Clark. 2011. Syntactic Processing Using the Generalized Perceptron and Beam 

Search. In Computational Linguistics, 37(1), March.
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Constituent Parsing

ÅExample
ÅREDUCE-R-NP

Yue Zhang and Stephen Clark. 2011. Syntactic Processing Using the Generalized Perceptron and Beam 
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Constituent Parsing

ÅExample
ÅTERMINATE
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Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅThe transition system

ŞHIFT-SEPARATE(t), SHIFT-APPEND, REDUCE-SUBWORD(d),  

REDUCE-WORD, REDUCE-BINARY(d;l),  REDUCE-UNARY(l), TERMINATE

ÂState:

ÂActions:

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings 

of ACL 2013. Sophia, Bulgaria. August.
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ÅActions
ÅSHIFT-SEPARATE(t)

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings 

of ACL 2013. Sophia, Bulgaria. August.
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ÅActions
ÅSHIFT-SEPARATE(t)
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of ACL 2013. Sophia, Bulgaria. August.
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ÅActions
ÅSHIFT-APPEND

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings 

of ACL 2013. Sophia, Bulgaria. August.
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ÅActions
ÅSHIFT-APPEND
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ÅActions
ÅREDUCE-SUBWORD(d) 
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ÅActions
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Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅActions
ÅREDUCE-WORD
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ÅActions
ÅREDUCE-BINARY(d; l)
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ÅActions
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ÅActions
ÅREDUCE-UNARY(l)
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ÅActions
ÅREDUCE-UNARY(l)
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Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅActions
ÅTERMINATE

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings 

of ACL 2013. Sophia, Bulgaria. August.



Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅFeatures
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Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅFeatures
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of ACL 2013. Sophia, Bulgaria. August.



Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅResults on CTB
Task P R F

Pipeline Seg 97.35 98.02 97.69

Tag 93.51 94.15 93.83

Parse 81.58 82.95 82.26

Flatword Seg 97.32 98.13 97.73

structures Tag 94.09 94.88 94.48

Parse 83.39 83.84 83.61

Annotated Seg 97.49 98.18 97.84

word
structures

Tag 94.46 95.14 94.80

Parse 84.42 84.43 84.43

WS 94.02 94.69 94.35

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings 

of ACL 2013. Sophia, Bulgaria. August.



Joint Segmentation, POS-tagging and 
Constituent Parsing

ÅResults on CTB
Task Seg Tag Parse

KruengkraiҌ Ωлф 97.87 93.67 ς

{ǳƴ Ωмм 98.17 94.02 ς

²ŀƴƎҌ Ωмм 98.11 94.18 ς

[ƛ Ωмм 97.3 93.5 79.7

[ƛҌ Ωмн 97.50 93.31 ς

IŀǘƻǊƛҌ Ωмн 98.26 94.64 ς

QianҌ Ωмн 97.96 93.81 82.85

Ours pipeline 97.69 93.83 82.26

Ours joint flat 97.73 94.48 83.61

Ours joint annotated 97.84 94.80 84.43

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings 

of ACL 2013. Sophia, Bulgaria. August.



Joint POS tagging and Dependency 
Parsing

ÅActions
ÅINITIALIZATION

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.
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Joint POS tagging and Dependency 
Parsing

ÅActions
ÅSHIFT

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.
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Joint POS tagging and Dependency 
Parsing

ÅActions
ÅTAGPRP

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.
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Joint POS tagging and Dependency 
Parsing

ÅActions
ÅTAGVBD

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.
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Joint POS tagging and Dependency 
Parsing

ÅActions
ÅLEFT

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.
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Joint POS tagging and Dependency 
Parsing

ÅActions
ÅLABELnsubj

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.

He1/PRP won2/VBD
the3 game4

nusbj

Stack [S] Buffer [B]



Joint POS tagging and Dependency 
Parsing

ÅActions
ÅSHIFT

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.

He1/PRP won2/VBD the3
game4

nusbj

Stack [S] Buffer [B]



Joint POS tagging and Dependency 
Parsing

ÅActions
ÅTAGDT

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.
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Joint POS tagging and Dependency 
Parsing

ÅActions
ÅSHIFT

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.
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Joint POS tagging and Dependency 
Parsing

ÅActions
ÅTAGNN

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.
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Joint POS tagging and Dependency 
Parsing

ÅActions
ÅLEFT
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projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.
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Joint POS tagging and Dependency 
Parsing

ÅActions
ÅLABELdet

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.
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Joint POS tagging and Dependency 
Parsing

ÅActions
ÅRIGHT

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.
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Joint POS tagging and Dependency 
Parsing

ÅActions
ÅLABELdobj

Bohnet, Bernd, and Joakim Nivre. "A transition-based system for joint part-of-speech tagging and labeled non-

projective dependency parsing." Proceedings of the 2012 Joint Conference on EMNLP and CoNLL. ACL, 2012.
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Joint Segmentation, POS-tagging and 
Dependency Parsing

ÅTraditional word-based dependency parsing
ÅInter-word dependencies

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Character-Level Chinese Dependency Parsing. In 

Proceedings of ACL 2014. Baltimore, USA, June.

Jun Hatori, Takuya Matsuzaki, Yusuke Miyao, JunôichiTsujii. Incremental Joint Approach to Chinese Word 

Segmentation, POS Tagging, and Dependency Parsing. In the Proceedings of ACL. Jeju, Korea. 2012.



Joint Segmentation, POS-tagging and 
Dependency Parsing

ÅCharacter-level dependency parsing
ÅInter- and intra-word dependencies

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Character-Level Chinese Dependency Parsing. In 

Proceedings of ACL 2014. Baltimore, USA, June.

Jun Hatori, Takuya Matsuzaki, Yusuke Miyao, JunôichiTsujii. Incremental Joint Approach to Chinese Word 

Segmentation, POS Tagging, and Dependency Parsing. In the Proceedings of ACL. Jeju, Korea. 2012.



Joint Segmentation, POS-tagging and 
Dependency Parsing

ÅExtensions from word-level transition-based  dependency 
parsing models
ÅArc-standard (Nirve 2008; Huang et al., 2009 )

ÅArc-eager (Nirve 2008; Zhang and Clark, 2008)

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Character-Level Chinese Dependency Parsing. In 

Proceedings of ACL 2014. Baltimore, USA, June.

Jun Hatori, Takuya Matsuzaki, Yusuke Miyao, JunôichiTsujii. Incremental Joint Approach to Chinese Word 

Segmentation, POS Tagging, and Dependency Parsing. In the Proceedings of ACL. Jeju, Korea. 2012.



Joint Segmentation, POS-tagging and 
Dependency Parsing

ÅWord-level transition-based dependency parsing
ÅArc-standard

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Character-Level Chinese Dependency Parsing. In 

Proceedings of ACL 2014. Baltimore, USA, June.

Jun Hatori, Takuya Matsuzaki, Yusuke Miyao, JunôichiTsujii. Incremental Joint Approach to Chinese Word 

Segmentation, POS Tagging, and Dependency Parsing. In the Proceedings of ACL. Jeju, Korea. 2012.
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Dependency Parsing
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Joint Segmentation, POS-tagging and 
Dependency Parsing

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Character-Level Chinese Dependency Parsing. In 

Proceedings of ACL 2014. Baltimore, USA, June.

Jun Hatori, Takuya Matsuzaki, Yusuke Miyao, JunôichiTsujii. Incremental Joint Approach to Chinese Word 

Segmentation, POS Tagging, and Dependency Parsing. In the Proceedings of ACL. Jeju, Korea. 2012.
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ÅArc-eager
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Dependency Parsing
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Joint Segmentation, POS-tagging and 
Dependency Parsing

ÅNew features

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Character-Level Chinese Dependency Parsing. In 

Proceedings of ACL 2014. Baltimore, USA, June.

Jun Hatori, Takuya Matsuzaki, Yusuke Miyao, JunôichiTsujii. Incremental Joint Approach to Chinese Word 

Segmentation, POS Tagging, and Dependency Parsing. In the Proceedings of ACL. Jeju, Korea. 2012.



Joint Segmentation, POS-tagging and 
Dependency Parsing

ÅResults on CTB

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Character-Level Chinese Dependency Parsing. In 

Proceedings of ACL 2014. Baltimore, USA, June.
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Joint Morphology and Linearization  

ÅTask

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

Output: meanwhile, prices are thought to have increased. 

Input



Joint Morphology and Linearization  

ÅModel

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

(a) NLG pipeline with deep input graph

(b) Pipelinebased on the meaning text theory

(c) This paper 



Joint Morphology and Linearization  

ÅTransition Actions
ÅSHIFT-Word-POS [SH]

ÅShifts Word from ́ Σ as- signs POS to it and pushes it to top of stack as S0; 
ÅLEFTARC-LABEL [LA]

ÅConstructs dependency arc S1 S0 and pops out second element from 
top of stack S1

ÅRIGHTARD-LABEL [RA]

ÅConstructs dependency arc S1 S0 and pops out top of stack S0

ÅINSERT [IN]

ÅInsertscomma at the present position
ÅSPLITARC-Word[SP]
Åsplits an arc in the input graph C, inserting a function word between the words 

connected by the arc. 

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

LABEL

LABEL



Joint Morphology and Linearization  

ÅTransition Example

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Input
Lemmas:



Joint Morphology and Linearization  

ÅTransition Action

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

1 2 3 4 5 6 7

ů ɟ



Joint Morphology and Linearization  

ÅTransition Action
ÅSH-meanwhile

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Meanwhile

7 1 2 3 4 5 6

ů ɟ



Joint Morphology and Linearization  

ÅTransition Action
ÅINSERT

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Meanwhile ,

7 1 2 3 4 5 6

ů ɟ



Joint Morphology and Linearization  

ÅTransition Action
ÅSH-prices

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Meanwhile , prices

7 2 1 3 4 5 6
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Joint Morphology and Linearization  

ÅTransition Action
ÅSH-are

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Meanwhile , prices are

7 2 5 1 3 4 6
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Joint Morphology and Linearization  

ÅTransition Action
ÅSH-thought

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Meanwhile , prices are thought
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Joint Morphology and Linearization  

ÅTransition Action
ÅSH-to

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Meanwhile , prices are thought to
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Joint Morphology and Linearization  

ÅTransition Action
ÅSH-have

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Meanwhile , prices are thought to have
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Joint Morphology and Linearization  

ÅTransition Action
ÅSH-increased

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Meanwhile , prices are thought to have increased

7 2 5 1 6 4 3
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Joint Morphology and Linearization  

ÅTransition Action
ÅRA (6Ą 4) [VC]

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Meanwhile , prices are thought to have increased

7 2 5 1 6 4 3

ů ɟ

VC



Joint Morphology and Linearization  

ÅTransition Action
ÅRA (1Ą 6) [C-A1]

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Meanwhile , prices are thought to have increased
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ÅTransition Action
ÅRA (5Ą 1) [VC]
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Joint Morphology and Linearization  

ÅTransition Action
ÅSH-.

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.
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Joint Morphology and Linearization  

ÅTransition Action
ÅRA (5Ą 3) [P]

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Meanwhile , prices are thought to have increased .
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Joint Morphology and Linearization  

ÅTransition Action
ÅLA (2ă 5) [SBJ]

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.
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Joint Morphology and Linearization  

ÅTransition Action
ÅLA (7ă 5) [AM-TMP]

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.

think[1] price[2] .[3] increase[4] be[5] have[6] meanwhile[7]

Meanwhile , prices are thought to have increased .
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Joint Morphology and Linearization  

ÅResults on dataset of the Surface Realisation Shared Task 

Ratish Puduppully, Yue Zhang, Manish Shrivastava. Transition-Based Deep Input Linearization. In Proceedings of 

the 15th Conference of the European Chapter of the Association for Computational Linguistics (EACL). Valencia, 

Spain, April.



Joint Entity and Relation Extraction  

ÅTask: simultaneously extracting drugs, diseases and adverse 
drug events. 

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.

Gliclazidedrug-induced acute hepatitisdisease



Joint Entity and Relation Extraction 

ÅEntity actions:
ÅO, which marks the current word as not belong to either a drug or 

disease mention.
ÅBC, which marks the current word as the beginning of a drug mention.
ÅBD, which marks the current word as the beginning of a disease 

mention.
ÅI, which marks the current word as part of a drug or disease mention 

but not the beginning.

ÅFor example
ÅGiven a sentence: Gliclazide-induced acute hepatitis.

ÅThe action sequence: ñBC O OBD I O ñ yields the result òGliclazidedrug-induced 
acute hepatitisdisease.ò

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.



Joint Entity and Relation Extraction 

ÅRelation actions
ÅN, which indicates that a pair of entities does not have an ADE relation

ÅY, which indicates that a pair of entities has an ADE relation

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.



Joint Entity and Relation Extraction 

ÅThe state of the joint model as a tuple <labels, disease, drugs, s 
ADEs>
Ålabels is a label sequence

Ådisease is a list of readily-recognized disease entity mentions

Ådrugs is a list of readily-recognized drug entity mentions

ÅADEs is a set of ADEs

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.



Joint Entity and Relation Extraction 

ÅState transition examples

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.

<[],[],[],[]> BD

next actionstate 

Hepatitis caused by methotrexate and etretinate .

BD   O   O    BC    O    BC O

<labels,disease,drugs,relations>
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ÅState transition examples

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.

<[BD,O],[Hepatitis],[],[]> O

next actionstate 

Hepatitis caused by methotrexate and etretinate .

BD   O   O    BC    O    BC O

<labels,disease,drugs,relations>
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ÅState transition examples
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Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.
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ÅState transition examples
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Joint Entity and Relation Extraction 

ÅState transition examples

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.

<[BD,O,O,BC,O],[Hepatitis],[methotrexate],[]> Y

next actionstate 

Hepatitis caused by methotrexate and etretinate .

BD   O   O    BC    O    BC O

<labels,disease,drugs,relations>



Joint Entity and Relation Extraction 

ÅState transition examples

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.

<[BD,O,O,BC,O,Y],[Hepatitis],[methotrexate],[(Hepatitis,methotrexate)]> BC

next actionstate 

Hepatitis caused by methotrexate and etretinate .

BD   O   O    BC    O    BC O

<labels,disease,drugs,relations>



Joint Entity and Relation Extraction 

ÅState transition examples

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.

<[BD,O,O,BC,O,Y,BC],[Hepatitis],[methotrexate],[(Hepatitis,methotrexate

)]>

O

next actionstate 

Hepatitis caused by methotrexate and etretinate .

BD   O   O    BC    O    BC O

<labels,disease,drugs,relations>



Joint Entity and Relation Extraction 

ÅState transition examples

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.

<[BD,O,O,BC,O,Y,BC,O],[Hepatitis],[methotrexate,etretinate],[(Hepatitis,

methotrexate)]>

Y

next actionstate 

Hepatitis caused by methotrexate and etretinate .

BD   O   O    BC    O    BC O

<labels,disease,drugs,relations>



Joint Entity and Relation Extraction 

ÅState transition examples

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.

<[BD,O,O,BC,O,Y,BC,O,Y],[Hepatitis],[methotrexate,etretinate],[(Hepatiti

s,methotrexate),(Hepatitis,etretinate)]>

<EOS>

next actionstate 

Hepatitis caused by methotrexate and etretinate .

BD   O   O    BC    O    BC O

<labels,disease,drugs,relations>



Joint Entity and Relation Extraction 

ÅResults on ADE data

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.



Outline 

ÅMotivation

ÅStatistical Models

ÅDeep Learning Models



Deep Learning Models 

ÅNeural Transition-based Models

ÅNeural Graph-based Models (Multi-task Learning)
ÅCross Task

ÅCross Domain

ÅCross Lingual

ÅCross Standard



Deep Learning Models 
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Joint Entity and Relation Extraction  

ÅModel

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.



Joint Entity and Relation Extraction  

ÅResults

Fei Li, Yue Zhang, Meishan Zhang and Donghong Ji. Joint Models for Extracting Adverse Drug Events from 

Biomedical Text. In Proceddings of IJCAI 2016. New York City, USA, July.



Joint Parsing and SRL

ÅTransition Action

SwabhaSwayamdipta, Miguel Ballesteros, Chris Dyer and Noah A. Smith. Greedy, Joint Syntactic-Semantic Parsing with 
Stack LSTMsIn proceedings of CoNLL(CoNLL2016).

all, are,expected,to, reopen,soon,root

Stack[S] Buffer[M] Queue[B]

all are expected to reopen soon root



Joint Parsing and SRL

ÅTransition Action
ÅS-SHIFT
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Joint Parsing and SRL

ÅTransition Action
ÅS-LEFT (sbj)

SwabhaSwayamdipta, Miguel Ballesteros, Chris Dyer and Noah A. Smith. Greedy, Joint Syntactic-Semantic Parsing with 
Stack LSTMsIn proceedings of CoNLL(CoNLL2016).
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ÅTransition Action
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Joint Parsing and SRL

ÅTransition Action
ÅM-SHIFT
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Stack LSTMsIn proceedings of CoNLL(CoNLL2016).

all, are expected,to, reopen,soon,rootare

Stack[S] Buffer[M] Queue[B]

all are expected to reopen soon root

sbj



Joint Parsing and SRL

ÅTransition Action
ÅS-RIGHT (vc)

SwabhaSwayamdipta, Miguel Ballesteros, Chris Dyer and Noah A. Smith. Greedy, Joint Syntactic-Semantic Parsing with 
Stack LSTMsIn proceedings of CoNLL(CoNLL2016).

all, are expected,to, reopen,soon,rootare,expected

Stack[S] Buffer[M] Queue[B]

all are expected to reopen soon root
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Joint Parsing and SRL

ÅTransition Action
ÅM-PRED (expect.01)

SwabhaSwayamdipta, Miguel Ballesteros, Chris Dyer and Noah A. Smith. Greedy, Joint Syntactic-Semantic Parsing with 
Stack LSTMsIn proceedings of CoNLL(CoNLL2016).

all, are expected,to, reopen,soon,rootare,expected

Stack[S] Buffer[M] Queue[B]
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Joint Parsing and SRL

ÅTransition Action
ÅM-REDUCE

SwabhaSwayamdipta, Miguel Ballesteros, Chris Dyer and Noah A. Smith. Greedy, Joint Syntactic-Semantic Parsing with 
Stack LSTMsIn proceedings of CoNLL(CoNLL2016).
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Joint Parsing and SRL

ÅTransition Action
ÅM-LEFT(A1)
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Joint Parsing and SRL

ÅTransition Action
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Joint Parsing and SRL

ÅTransition Action
ÅS-RIGHT (oprd)
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Joint Parsing and SRL

ÅTransition Action
ÅM-RIGHT (C-A1)
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Joint Parsing and SRL

ÅTransition Action
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Joint Parsing and SRL

ÅTransition Action
ÅM-SHIFT
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Joint Parsing and SRL

ÅTransition Action
ÅS-RIGHT (im)
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Joint Parsing and SRL

ÅTransition Action
ÅM-PRED (reopen.01)
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ÅTransition Action
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Joint Parsing and SRL

ÅTransition Action
ÅS-RIGHT (tmp)
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Joint Parsing and SRL

ÅTransition Action
ÅM-RIGHT (AM-TMP)

SwabhaSwayamdipta, Miguel Ballesteros, Chris Dyer and Noah A. Smith. Greedy, Joint Syntactic-Semantic Parsing with 
Stack LSTMsIn proceedings of CoNLL(CoNLL2016).

reopen soon,rootare,expected,to, reopen, soon

Stack[S] Buffer[M] Queue[B]

all are expected to reopen soon root

sbj vc

A1

oprd

C-A1

im

A1

tmp

AM-TMP



Joint Parsing and SRL

ÅTransition Action
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ÅTransition Action
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Joint Parsing and SRL

ÅTransition Action
ÅS-LEFT (root)
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Joint Parsing and SRL

ÅTransition Action
ÅS-SHIFT
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ÅTransition Action
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Joint Parsing and SRL

ÅModel

SwabhaSwayamdipta, Miguel Ballesteros, Chris Dyer and Noah A. Smith. Greedy, Joint Syntactic-Semantic Parsing with 
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Joint Parsing and SRL

ÅResults on CONLL
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Stack LSTMsIn proceedings of CoNLL(CoNLL2016).



Joint Parsing and SRL

ÅJoint VS Pipeline

SwabhaSwayamdipta, Miguel Ballesteros, Chris Dyer and Noah A. Smith. Greedy, Joint Syntactic-Semantic Parsing with 
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