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Motivation

ARelated tasks in NLP
A Constituents and named entities
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Motivation

ARelated tasks in NLP
ANER, Chunking and POS Tagging

Sentence: ----_

POSTagging:
NER: PER O O B-ORG I-ORG I-ORG O

Chunking: S S S B | E @)



Motivation

APipelines in NLP
ASegmentation———> POS tagging
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Motivation

APipelines in NLP
AEntity and Relation

sentence Associated Press writer Patrick McDowell in Kuwait City
NER Associated Press writer  Patrick McDowell in  Kuwait City
ORG PER GPE
@ ORG-AFF PHYS
RELATION Associated Press writer Patrick McDowell in  Kuwait City

ORG PER GPE



Motivation

APipelines in NLP
AEntity and Sentiment

sentence So excited to meet my baby Farah !!!
NER So excited to meet my [baby Farah] !!!
@ PER

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

PER + POSITIVE



Motivation

AJoint model
AReduce error propagation
A Allow information exchange between tasks

AChallenge

AJoint learning
ASearch



Solutions

Learning
Joint Separate
Search | joint Statistical Statistical
Neural
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Statistical Models

AGraph-Based Methods
ATransition-Based Methods
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Graph-Based Methods

ATraditional solution
AScore each candidate, select the highest-scored output
A Search-space typically exponential

table-tennis  with her.
x"“\/’\ TN

table-tennis  with  her .

/’\f‘\/ﬁ‘\/—\f‘\

like  playing table-tennis  with  her.

/x é\\f‘“\
I like  playing table-tennis  with her. /‘\

I like  playing table-tennis  with  her .



Graph-Based Methods

AJoint Label Structure
AReranking

AJoint Modeling (Multi task)
AJoint Modeling (Single task)
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Joint Segmentation and POS tagging

ATasks

Characters Input




Joint Segmentation and POS tagging

ATask

Segmentation

NN | WV NN

POS Tagging

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

ACollapsing labels

BE BE BE

NN VV NN

B-NN ENN BVV EVV BNN ENN

P

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

AAll-at-Once, Character-Based POS Tagger and Segmenter :

Feature @) C, (n=-2,~10,12)
(b) C,C, ., (n=-2~10,1)
(c) C_,C,
(d) W,C,
(e) Pu(C,)

0 TCL)T(C_ )T(C, )T(C,)I(C,)
(8) B( C_w, )POS (C—IWO )
(h) B(C ,y, JPOS(C 4y, )B(C 1y, JPOS(C )

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

AResults on CTB

Method Word Seg | POS Total
F-measure [Accuracy | Testing

(%) (%) Time

One-at-a-Time 05.1 84.1 1 min
Word-Based 20 secs

One-at-a-Time 05.1 91.7 1 min
Char-Based 50 secs
All-At-Once 95.2 91.9 20 mins

Char-Based

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

AA joint model of both parsing and named entity recognition.

NP
//\
NP DT NamedEntity-GPE*
Y T T
DT NP PP NP-GPE PP-GPE
NNP IN NP N NNP-GPE IN-GPE NP-GPE
| |
NNP NNP-GPE
I I
the [District of Columbia] gpg the District of Columbia

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 Linquistics. Association for Computational Linquistics, 20009.



Joint Parsing and NER

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

NP NP
T Y T
NP PP DT NP PP

DT NNP IN NP NNP IN NP

| |
NNP NNP

1 |

the [District of Columbia] gpg the [District of Columbial gpg

(a) (b)

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 Linquistics. Association for Computational Linquistics, 20009.



Joint Parsing and NER

AResults:

A O N O nto N Otes Parse Labeled Bracketi Training

Precision  Recall F Time

ABC Just Parse 70.18%  70.12% 70.15% - 25m
Just NER - 76.84%  72.32% 74.51%

Joint Model 69.76%  70.23% 69.99% 77.70%  72.32% 74.91% 45m

CNN Just Parse 76.92%  77.14% 77.03% - 16.5h
Just NER - 75.56%  76.00% 75.78%

Joint Model 77.43%  77.99% 77.71% 78.73%  78.67% 78.70% 31.7h

MNB Just Parse 63.97%  67.07% 65.49% - 12m
Just NER — 72.30%  54.59% 62.21%

Joint Model 63.82% 67.46% 65.59% 71.35% 62.24% 66.49% 19m

NBC Just Parse 59.72%  63.67% 61.63% - 10m
Just NER - 67.53%  60.65% 63.90%

Joint Model 60.69%  65.34% 62.93% 71.43% 064.81% 67.96% 17m

PRI Just Parse 76.22%  76.49%  76.35% - 2.4h
Just NER — 82.07%  84.86% 83.44%

Joint Model 76.88%  77.95% 77.41% 86.13%  86.56% 86.34% 4.2h

VOA Just Parse 76.56%  75.74%  76.15% - 2.3h
Just NER - 82.79%  75.96% 79.23%

Joint Model 77.58%  77.45% 77.51% 88.37% 87.98% 88.18% 4.4h

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 Linquistics. Association for Computational Linquistics, 20009.
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Joint Segmentation and POS Tagging

ATwo separate CRF taggers.
ASeparately trained, reranking.
AUse tag sequence score to rank segmentation.

Shi, Yanxin, and Menggiu Wang. "A Dual-layer CRFs Based Joint Decoding Method for Cascaded Segmentation
and Labeling Tasks." IJcAl. 2007.



Joint Segmentation and POS Tagging

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

and Labeling Tasks." IJcAl. 2007.



Joint Segmentation and POS Tagging

AResults on Segmentation

ASo [CTBo| HKo | PKo [S-Avg|O-Avg
S01 88.1% 95.3%1(91.7%92.2%
S02 91.2% 91.2%|89.1%
S03 87.2%82.9%|88.6%192.5% |87.8%|94.1%
S04 93.7%193.7%95.2%
SO7 94.0% (94.0%95.2%
SO08 95.6% (93.8%(94.7%195.2%
S10 90.1% 95.9%1(93.0%|92.2%
S11 90.4% (88.4%|87.9% |88.6% |88.8%|94.1%
Peng et al. 04(95.7%189.4% (94.6%|94.6%|93.6% | 94.1%
Our System  [96.8%(89.1%95.2% (95.2% 94.1%

1 2 3 4 5 6
Baseline 97.3%(97.2%95.4%(96.7% [96.2%(93.1%
Joint decoding [97.4%(97.3%(95.7%|96.9% |96.4%(93.4%
7 8 9 10 average
Baseline 95.9%194.8%(95.7%196.2 %| 95.85%
Joint decoding [96.0%(95.2%(95.9%(96.3% | 96.05%
AS CTB
P R Fli P R Fl
Baseline 96.7%(96.8%196.7%|88.5%|88.3% |88.4%
Joint Decoding|96.9%(96.7%|96.8%89.4%|88.7% |89.1%
PK HK
P R Fli P R Fl
Baseline 94.9%194.9%194.9%|94.9%|95.5%(95.2%
Joint Decoding|95.3%(95.09%95.2%95.0%|95.4% (95.2%

Shi, Yanxin, and Menggiu Wang. "A Dual-layer CRFs Based Joint Decoding Method for Cascaded Segmentation
and Labeling Tasks." IJcAl. 2007.




Joint Segmentation and POS Tagging

AResults on POS Tagging

1 2 3 4 5 6
Baseline 93.8%193.7%190.2% | 92.0% [93.3% |87.2%
Joint Decoding|94.0%(93.9%190.4% | 92.2% |93.4% |87.5%

7 8 9 10 average
Baseline 92.2%190.8%191.5%(92.0 %| 91.67%
Joint Decoding|92.4%191.0%(91.7%(92.1% | 91.86%

Shi, Yanxin, and Menggiu Wang. "A Dual-layer CRFs Based Joint Decoding Method for Cascaded Segmentation
and Labeling Tasks." IJcAl. 2007.



Joint Parsing and SRL

ATask
Semantic Roles SRL
""""" e
Input

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.



Joint Parsing and SRL

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

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.



Joint Parsing and SRL

AOverall results

Precision Recall | Fg—1

Development 64.43% | 63.11% | 63.76
Test WSJ 68.57% | 64.99% | 66.73
Test Brown 62.91% | 54.85% | 58.60
Test WSJ+Brown 67.86% | 63.63% | 65.68

ADid not beat a pipeline baseline

Many subsequent CoNLL shared tasks show difficulties for this joint task

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.
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Joint Modeling

AJoint Search, separate training

ASearch complex problem
AILP
ABP
ADual 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 Languaage Technologies-Volume 1. Association for Computational Linguistics. 2011.



Joint Entity and Sentiment

ATask:
AOpinion linking relations
A The numberic subscripts denote linking relations, one of IS-ABOUT OR IS-FROM
AOpinion entities:

A Opinion expressions: O jointly identifies opinion-
A Opinion targets: T related entities, as well as
A Opinion holders: H opinion linking relations

[The workers][Hl jwere irked [04] by [the government report][Tl]

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

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



Joint Entity and Sentiment

AModel

AFormulate 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;

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

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

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



Joint Entity and Sentiment

ACRF

OO O
D1 Opinion expression
T 71 Opinion target

H 1T Opinion Holder

N T Opinion None

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



Joint Entity and Sentiment

AA classification model for opinion target relation
AA classification model for opinion holder relation
ASyntactic and semantic features are used

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



Joint Entity and Sentiment

AJoint scoring function by linear interpolation

Yoéi QFYoRl
P DEYOAI

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



Joint Entity and Sentiment

AILP for search

AConstraint 1: Uniqueness
A Constraint 2: Non-overlapping

A Constraint 3: Consistency between the opinion-arg and opinion-implicit-
arg classifiers

A Constraint 4: Consistency between opinion-arg classifier and opinion
entity extractor

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

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



Joint Entity and Sentiment

AResults on MPQA

Opinion Expression Opinion Target Opinion Holder
Method P R F1 P R F1 P R F1
CRF 82.21 | 66.15 | 73.31 | 73.22 | 48.58 | 58.41 72.32 | 49.09 | 58.48

CRF+Ad] 82.21 | 66.15 | 73.31 | 80.87 | 42.31 55.56 | 75.24 | 48.48 58.97
CRF+Syn 82.21 | 66.15 | 73.31 | 81.87 | 30.36 | 44.29 78.97 | 40.20 53.28
CRF+RE 83.02 | 4899 | 61.62 | 85.07 | 22.01 34.97 78.13 | 40.40 53.26
Joint-Model | 71.16 | 77.85 | 74.35™ | 75.18 | 57.12 | 64.92™" | 67.01 | 66.46 | 66.73""

CRF 66.60 | 52.57 | 58.76 | 44.44 | 29.60 | 3554 | 65.18 | 44.24 52.71
CRF+Adj 66.60 | 52.57 | 58.76 | 49.10 | 25.81 33.83 68.03 | 43.84 53.32
CRF+Syn | 66.60 | 52.57 | 58.76 | 50.26 | 18.41 2694 | 74.60 | 37.98 50.33
CRF+RE 69.27 | 40.09 | 50.79 | 60.45 | 15.37 24.51 75 38.79 51.13

Joint-Model | 57.39 | 62.40 | 59.79" | 49.15 | 38.33 | 43.07"" | 62.73 | 62.22 | 62.47""

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



Joint Entity and Sentiment

AResults on MPQA

IS-ABOUT IS-FROM
Method P R F1 P R F1
CRF+Adj 73.65 | 37.34 49.55 70.22 | 41.58 52.23
CRF+Syn 76.21 | 28.28 41.25 7748 | 36.63 49.74
CRF+RE 78.26 | 20.33 32.28 74.81 | 37.55 50.00

CRF+Adj-merged-10-best | 25.05 | 61.18 35.55 30.28 | 62.82 | 40.87

CRF+Syn-merged-10-best | 41.60 | 45.66 | 43.53 48.08 | 54.03 50.88

CRF+RE-merged-10-best | 51.60 | 33.09 | 4032 | 47.73 | 54.40 | 50.84
Joint-Model 64.38 | 51.20 | 57.04™" | 64.97 | 58.61 | 61.63""

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



Joint Supertagging and Parsing

ATasks

CCG Parsing Parser




Joint Supertagging and Parsing

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

Marcel proved completeness
NP (S\ NP)/NP NP
S\ NP
S

Supper tagging 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 Languaage Technologies-Volume 1. Association for Computational Linguistics. 2011.



Joint Supertagging and Parsing

ACCG traditionally done by supertagging -> 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 Languaage Technologies-Volume 1. Association for Computational Linguistics. 2011.



Joint Supertagging and Parsing

ALoopy belief propagation
AFactor graph for the combined parsing and supertagging model

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 Languaage Technologies-Volume 1. Association for Computational Linguistics. 2011.



Joint Supertagging and Parsing

ADual decomposition: Lagrangian method for constraint
optimization

arg max f(y) + g(z)
yeY,ze/

such that y(i,t) = z(i,t) for all (i,t) € I

L(u) = _ Dy (i, 1))
()r;lgyzuz (i

+max(f(2) + Z u(i, t)z(3,t))

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 Languaage Technologies-Volume 1. Association for Computational Linguistics. 2011.



Joint Supertagging and Parsing

AResults

section 00 (dev) section 23 (test)
AST Reverse AST Reverse
LF UF ST LF UF ST LF UF ST LF UF ST
Baseline 87.38 93.08 94.21 87.36 93.13 9399 | 87.73 93.09 9433 | 87.65 93.06 94.01
C&C’07 87.24 93.00 94.16 - - - | 87.64 93.00 94.32 - -
BPi.— 87.70 93.28 9444 | 88.35 93.69 94.73 | 88.20 93.28 94.60 | 88.78 93.66 94.81
BPj_o5 87.70 93.31 9444 | 88.33 93.72 9471 | 88.19 93.27 94.59 | 88.80 93.68 94.81
DDy 8740 93.09 94.23 | 87.38 93.15 94.03 | 87.74 93.10 94.33 | 87.67 93.07 94.02
DDy—os 87.71 93.32 9444 88.29 9371 94.67 | 88.14 93.24 9459 | 88.80 93.68 94.82

BP: Belief Propagation
DD: Dual 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 Languaage Technologies-Volume 1. Association for Computational Linguistics. 2011.
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Graph-Based Methods

AJoint Label Structure
AReranking

AJoint Modeling (Multi ta
AJoint Modelino



Joint Modeling (Single task)

AA Single Model
Yo é 1 @)TA

where « Is the model features



Joint Segmentation and POS Tagging

ATask

Input 7 llikereadingbooks

Output /PN N Vi IN I/PN like/V reading/V books/N

Zhang, Yue, and Stephen Clark. "Joint Word Segmentation and POS Tagging Using a Single Perceptron." ACL.
2008.



Joint Segmentation and POS Tagging
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AFeature templates for the baseline segmentor

word w

word bigram ww»

single-character word w

a word of length [ with starting character ¢
a word of length [ with ending character ¢
space-separated characters c; and ¢
character bigram c; ¢, in any word

the first / last characters ¢ / co of any word

0 ~1 N W = W o —

10
11

12

13
14

word w immediately before character ¢
character ¢ immediately before word w
the starting characters ¢; and ¢9 of two con-
secutive words

the ending characters ¢; and ¢, of two con-
secutive words

a word of length [ with previous word w

a word of length [ with next word w

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

2008.



Joint Segmentation and POS Tagging

AFeature templates for the baseline POS tagger
1 tag ¢ with word w I1 | tag ¢ on a word containing char ¢ (not the
2 | tag bigram t1#o starting or ending character)
3 | tag trigram t1¢9t3 12 | tag t on a word starting with char ¢ and
4 | tag t followed by wc containing char ¢
5 | word w followed by 13 | tag t on a word ending with char ¢y and
6 | word w with tag 7 ar containing char ¢
7 | word w with tag ¢ ar 14 | tag ¢ on a word containing repeated char cc
8 | tag { on single-chara 15 | tag t on a word starting with character cat-

ter trigram cjwces egory g

9 | tag t on a word starting with char ¢ 16 | tag t on a word ending with character cate-
10 | tag ¢ on a word ending with char c gory g

Zhang, Yue, and Stephen Clark. "Joint Word Segmentation and POS Tagging Using a Single Perceptron." ACL.
2008.
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Joint Segmentation and POS Tagging
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A Perceptron with both segmentation and POS features

Inputs: training examples (z;, y;)
Initialization: set « = 0
Algorithm:
fort=1..T,1=1..N
calculate z; = arg max, ¢ GEN(z,;) ®(v) - W
if z; # v
w=uw+ P(y;) — (zi)

Outputs: w

The perceptron learning algorithm

Zhang, Yue, and Stephen Clark. "Joint Word Segmentation and POS Tagging Using a Single Perceptron." ACL.
2008.



Joint Segmentation and POS Tagging

AThe decoding algorithm for the joint word segmentor and POS
tagger, agendags] stores the best sequences that end at |

Algorithm:
for end_index = 1 to sent.length:
foreach tag:
| | — for start_index =
PN enl woll PN v PN W | NN max(1, end_index — maxlen[lag] + 1)
to end_index:
¥ word = sent[start_index..end_
PN| NN || [PNNN vV XX if (word, tag) consistent with tag
for item € agendas|start_ind
VW | WV item = ttem
itemy.append((word,tag))
agendas|end_index|.insert(itemy)

Outputs: agendas|[sent.length].best_item

Zhang, Yue, and Stephen Clark. "Joint Word Segmentation and POS Tagging Using a Single Perceptron." ACL.
2008.



Joint Segmentation and POS Tagging

AResults by 10-fold cross validation using CTB

Model SF TF TA
Baseline+ (Ng) 95.1 | - 91.7
Joint+ (Ng) 95.2 | - 01.9
Baseline+* (Shi) | 95.85 | 91.67 -
Joint+* (Shi) 96.05 | 91.86 -
Baseline (ours) 95.20 | 90.33 92.17
Joint (ours) 95.90 | 91.34 93.02

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

2008.




Joint Entity Relation Extraction

ATask

EMP-0RG

The tire maker still employs 1,400 .
— —
ORG PER

(a) Interactions between Two Tasks

PHYS
EMP-0RG N PER »
US forces in Somalia , Haiti and Kosovo. ‘2’&& {?PS’
conj_and
GPE PER GRE _GPE GPE gpp -T2 GPE
conj_and

(b) Example of Global Feature

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




Joint Entity Relation Extraction

AA Single Model

g = argmaxf(x,y’) - w
y' e€Y(x)

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



Joint Entity Relation Extraction

ABeam Search

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



Joint Entity Relation Extraction

AFeature

A Local features
A Gazetteer features
A Case features
A Contextual features
A Parsing-based features
A Global entity mention features
A Coreference consistency
A Neighbor coherence
A Part-of-whole consistency
A Global relation features
A Role coherence
A Triangle constraint
A Inter-dependent compatibility
A Neighbor coherence

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



Joint Entity Relation Extraction

AExperiments

AData:
ATraining data: ACE®G805
Aval i dation data: ACE®604

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



Joint Entity Relation Extraction

AResults on ACE

Model Entity Mention (%) Relation (%) Entity Mention + Relation (%)
Score P R F P R F P R Fy
Pipeline 83.2 73.6 781 | 675 394 498 | 65.1 38.1 48.0

Joint w/ Local 84.5 76.0 80.0 | 684 40.1 50.6 | 653 38.3 48.3

Joint w/ Global | 852 769 80.8 | 689 419 521|654 398 49.5
Annotator 1 91.8 899 909 | 71.9 69.0 704 | 69.5 66.7 68.1
Annotator 2 88.7 883 885 | 652 63.6 644 | 61.8 60.2 61.0
Inter-Agreement | 85.8 87.3 86.5 | 554 5477 55.0 | 523 51.6 51.9

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



Statistical Models

AGraph-Based Methods
ATransition-Based Methods



A Transition System

AAutomata
A State

A Start state 8 & an empty structure
A End state d & the output structure
A Intermediate states 8 8 partially constructed structures

AActions
A Change 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.



A Transition System

AAutomata
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A Transition System

AState

ACorresponds to partial results during decoding
A start state, end state, S,

— % —, A~ G~
R B R R TS R P
AActions

AThe operations that can be applied for state transition

A Construct output incrementally
Aa

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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Transition-based Dependency Parsing

A An Example
A S-SHIFT
A R-REDUCE
A AL-ARC-LEFT
A AR-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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A An Example
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A An Example
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A S-SHIFT
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A An Example
A S-SHIFT
A R-REDUCE
A AL-ARC-LEFT
A AR-ARC-RIGHT

He does it here —S—> He does it here —AE—> c‘j}es ithere —S—» ‘dg_ges it here

dges here “—R— does it here

He it He
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A An Example
A S-SHIFT
A R-REDUCE
A AL-ARC-LEFT
A AR-ARC-RIGHT

He does it here —S—> He does it here —AE—> c‘j}es ithere —S—» ‘dg_ges it here
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Transition-based Dependency Parsing

A An Example
A S-SHIFT
A R-REDUCE
A AL-ARC-LEFT
A AR-ARC-RIGHT

He does it here —S—> He does it here —AE—> c‘j}es ithere —S—» ‘dg_ges it here

dges “—R— dges here “—AR— dg_ges here “—R— does it here

He it here He it He it He

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



Search Space

AFind the best sequence of actions
AExponential

%
a,zé
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A Learning+Search Framework

ADependency Parsing Example
ADecoding
|: 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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ADependency Parsing Example
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A Learning+Search Framework

ADependency Parsing Example
ADecoding
He does it herel —S—» |He does it here | d‘}es it here|

H

He does it here
[He does  ithere

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

ADependency Parsing Example
ADecoding
He does it herel —S—» |He does it here | d‘}es it here|

does it here

H He

—S—
He does it here Y He doesit  here
I:He does it here %\ He does it here
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ADependency Parsing Example
ADecoding
He does it herel —S—» |He does it here | d‘}es it here|

does it here

H He

—S—
He does it here Y He doesit  here
He does it here %\

He does it here

i

does it here

®H

He

He does it here

He doe&s here

i
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ADependency Parsing Example
ADecoding
He does it herel —S—» |He does it here | d‘}es it here|

H

He does it here
[He does  ithere

does it here

He

He does it here

He does it here

i

does it here

‘ d;es it here

He it
[/

He

®H

He

He does it here

does it here

He doe&s here

N 7

i

He
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ADependency Parsing Example
ADecoding
He does it herel —S—» |He does it here | d‘}es it here|

H

He does it here
[He does  ithere

does it here

He

He does it here

He does it here

i

does it here

‘ d;es it here

dg_ges here
H ' HE7
does it here y He does it here

He He
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ADependency Parsing Example
ADecoding
He does it herel —S—» |He does it here | d‘}es it here|

H

He does it here
[He does  ithere

does it here

He

He does it here

He does it here

i

does it here

‘ d;es it here

dg_ges here
,ﬁ Hjﬁ' HE7
doesi does it here ¢ He does it here

He here He He
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A Learning+Search Framework

ASearch not optional (vs graph-based structured prediction)

ALearn to fix search errors ‘\ ‘

example
example




A Learning+Search Framework

AAdvantages
ALow computation complexity
AArbitrary non-local features
ALearning-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

AState-of-the-art accuracies and speeds
A Constituent parsing
ADependency parsing
AWord Segmentation
ACCG parsing

AEnable joint models

AAddress complex search space and use joint features, which have
been difficult for traditional models

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



A Constituent parsing
ADependency parsing
AWord Segmentatio
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A Learning+Search Framework

AGlobal Normalization for Neural Structured Prediction
AZhou et al., (2015)
AWatanabe et al., (2015)
AAndor et al., (2016)
ARush 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

AThe transition system
AState

A Partial segmented results
A Unprocessed characters

ATwo actions

A Separate (t) : tis a POS tag
A Append

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

AThe transition system
Alnitial state

/PN Y IV n/IN
[1] [like] [reading] [books]

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

AThe transition system
ASeparate(PN)

/PN in

/PN Y IV n/IN
[1] [like] [reading] [books]
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Joint Segmentation and POS Tagging

AThe transition system
ASeparate (V)

IPN IV 7

/PN Y IV n/IN
[1] [like] [reading] [books]
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Joint Segmentation and POS Tagging

AThe transition system
AAppend

/PN Y, 7

/PN Y IV n/IN
[1] [like] [reading] [books]
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AThe transition system
ASeparate (V)

/PN Y, Y, 7

/PN Y IV n/IN
[1] [like] [reading] [books]

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

AThe transition system
ASeparate (N)

/PN Y, N 1IN

/PN Y IV n/IN
[1] [like] [reading] [books]
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Joint Segmentation and POS Tagging

AThe transition system
AEnd state

/PN Y, N 1IN

/PN Y IV n/IN
[1] [like] [reading] [books]

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

ASegmentation Feature templates

Feature templates for the word segmentor.

Feature template When ¢, is

1 w_, separated
2 w_qw_p separated
3 w_q, wherelen(w_,;) =1 separated
4 start(w_q)len(w_y) separated
5  end(w_q)len(w_y) separated
6  end(w_q)c separated
7 c_10g appended
8 begin(w_q)end(w_;) separated
9 w_ic separated
10 end(w_,)w_, separated
11 start(w _4)co separated
12 end(w_,)end(w_q) separated
Non-|oca| —p 13 w_slen(w_,) separated
14 len(w_;)w_, separated

w = word; ¢ = character. The index of the current character is 0.

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

APOS Feature templates

POs feature templates for the joint segmentor and POS-tagger.

Feature template when ¢ is

1 w_qt_, separated
2 t_qtg separated
3 t_st_qf separated
4 w_qf separated
5 t_w_y separated
6  w_qt_jend(w_;) separated
7 w_1t_q1¢9 separated
8 c_sc_qcot_1, wherelen(w_1) =1 separated
9 _cotn separated
10 t_qystart(w_q) separated

11 tycy separated or appended
12 cotgstart(wy) appended
WO rd_level 13 ct_qend(w_q), where ¢ € w_; and ¢ # end(w_1) sgﬁarated
14 cotgcat(start(wy)) separated
15 ct_qcat(end(w_q)), where ¢ € w_; and ¢ # end(w_;) appended
16 COtOC—lt—l Separated
17 eptyc_q appended

w = word; ¢ = character; t = POS-tag. The index of the current character is 0.

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

AExperiments on CTB 5

KO9 (errordriven)  97.87 93.67

This work 97.78 93.67
Zhang 2008 97.82 93.62
K09 (baseline) 97.79  93.60
JO8a 97.85 9341
JO8b 97.74  93.37
NO7 97.83  93.32

SF = segmentationdeore; JF = joint segmentation and R@§ying Fscore

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

Alnput N A
Output [NPrt /NR][VP [ /VWV][NP. . /NR /NN] [O A /PU]
[He] [arrived] [Beljing airport] []

AChunking knowledge can potentially improve
segmentation/tagging.

AChunk 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

ACharacter-based chunking
AAction: initial state

chunk buffer word buffer character buffer

INPT /NR][VP [ /VV][NP. ., /NR INN] [O A /PU]
[He] [arrived] [Beijing airport] []

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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AAction: SEP(NR)
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ACharacter-based chunking
AAction: FIN W

chunk buffer word buffer character buffer
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Joint Segmentation/Tagging/Chunking

ACharacter-based chunking
AAction: SEP(VV)

chunk buffer word buffer character buffer

~

NPT /NR] [[ IVV o A

INPT /NR][VP [ /VV][NP. ., /NR INN] [O A /PU]
[He] [arrived] [Beijing airport] []
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Joint Segmentation/Tagging/Chunking

ACharacter-based chunking
AAction: APP W

chunk buffer word buffer character buffer

INP T /NR] [[ /vV o A
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[He] [arrived] [Beijing airport] []
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Joint Segmentation/Tagging/Chunking

ACharacter-based chunking
AAction: SEP(VP)

chunk buffer word buffer character buffer
INPT /NR] A
[VP [ IVV] S

INPT /NR][VP [ /VV][NP. ., /NR INN] [O A /PU]
[He] [arrived] [Beijing airport] []
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Joint Segmentation/Tagging/Chunking

ACharacter-based chunking
AAction: SEP(NR)

chunk buffer word buffer character buffer
INP 1 /NR] ~
VP [ /W] [ /NR : A
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ACharacter-based chunking
AAction: APP W

chunk buffer word buffer character buffer
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ACharacter-based chunking
AAction: FIN W

chunk buffer word buffer character buffer
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Joint Segmentation/Tagging/Chunking

ACharacter-based chunking
AAction: SEP(NP)

chunk buffer word buffer character buffer
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Joint Segmentation/Tagging/Chunking

ACharacter-based chunking
AAction: SEP(NN)

chunk buffer word buffer character buffer
INPT /NR] A

VP [ WV [ /NN A

INP. . /NR]

INPT /NR][VP [ /VV][NP. ., /NR INN] [O A /PU]
[He] [arrived] [Beijing airport] []
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ACharacter-based chunking
AAction: APP W

chunk buffer word buffer character buffer
INPT /NR] A
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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

ACharacter-based chunking
AAction: FIN W

chunk buffer word buffer character buffer
INPT /NR] A

VP [ WV [ /NN A
[INP. . /NR]

INPT /NR][VP [ /VV][NP. ., /NR INN] [O A /PU]
[He] [arrived] [Beijing airport] []
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Joint Segmentation/Tagging/Chunking

ACharacter-based chunking
AAction: APP C

chunk buffer word buffer character buffer
INPT /NR] A
VP [ /WV]

INP. . /NR INN]

INPT /NR][VP [ /VV][NP. ., /NR INN] [O A /PU]
[He] [arrived] [Beijing airport] []

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

ACharacter-based chunking
AAction: SEP(PU)

chunk buffer word buffer character buffer
INPT /NR] "
VP [ WV [A/PU

INP. . /NR INN]

INPT /NR][VP [ /VV][NP. ., /NR INN] [O A /PU]
[He] [arrived] [Beijing airport] []

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

ACharacter-based chunking
AAction: FIN W

chunk buffer word buffer character buffer
INPT /NR] n
VP [ WV [A /PU]

INP. . /NR INN]

INPT /NR][VP [ /VV][NP. ., /NR INN] [O A /PU]
[He] [arrived] [Beijing airport] []

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

ACharacter-based chunking
AAction: SEP(O)

chunk buffer word buffer character buffer

INPT /NR]
VP [ /VWV]
INP. . /NR INN]
[O A /PU]

INPT /NR][VP [ /VV][NP. ., /NR /NN] [O A /PU]
[He] [arrived] [Beijing airport] []

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

ACharacter-based chunking feature template

ID Feature Templates

1 Co

2 Co - To

3 Co - POSS(—Bt(C())

4 Co, where len(Cp) = 1
5 Co - Now

6 Co - Now - Ty

7 C_1-Co

8 Tiy Gy

9 C_1-Tp

10 Co - end-word(C-1)

11 C_-;-len(Cph)

12 Co-len(C-1)

13 Co-endword(C-1)-T0
14 C_1-T_1-Co-To

15 W_9 ~W_3

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

AResults on CTB

SEG POS CHUNK
Pipeline 88.81 80.64 69.02
Pipeline-C 88.81 80.64 68.82
Pipeline-Semi-C | 88.81 80.64 69.45
Joint 89.85 81.94 70.96
Joint-C 89.83  81.78 70.63
Joint-Semi-C 90.67 82.45 72.09

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

AText normalization is introduced as a pre-processing step for
microblog processing, which transforms informal words into
t heir standard forwms haBobeexamp

used I n tweets for 1 s for At omo
ATask
pear work  stress  big
b L —> b INN[(4 ZJNN VA ISP UPU

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

ANormalization dictionary

M3 & 77

pear - pressure

ZA- =T

child paper - child

Bl e~ e

neckerchief - microblog
- IR

basin friend - friend

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

ATransition actions for joint segmentation, tagging and
normalization
AActions: initial state

word buffer character buffer

b /NN 141z /NN /NVA /SP I/PU
Work  stress big ah !

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

ATransition actions for joint segmentation, tagging and
normalization

AActions: SEP( , NN)

word buffer character buffer

/NN b

b /NN 141z /NN /NVA /SP I/PU
Work  stress big ah !

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

ATransition actions for joint segmentation, tagging and
normalization

AActions: APP(b )

word buffer character buffer

b /NN

b /NN 141z /NN /NVA /SP I/PU
Work  stress big ah !

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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ATransition actions for joint segmentation, tagging and
normalization

AActions: SEP( , NN)

word buffer character buffer

b /NN /NN

b /NN 141z /NN /NVA /SP I/PU
Work  stress big ah !

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

ATransition actions for joint segmentation, tagging and
normalization

AActions: APP( )

word buffer character buffer

b /NN /NN

b /NN 141z /NN /NVA /SP I/PU
Work  stress big ah !

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

ATransition actions for joint segmentation, tagging and
normalization

AActions: SEPS( ,VA, 12z)

word buffer character buffer

b /NN 1z INN  /VA

/NN

b /NN 141z /NN /NVA /SP I/PU
Work  stress big ah !

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

ATransition actions for joint segmentation, tagging and
normalization

AActions: SEP( , SP)

word buffer character buffer

D /NN4z /NN /VA [SP

b /NN 141z /NN /NVA /SP I/PU
Work  stress big ah !

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

ATransition actions for joint segmentation, tagging and
normalization

AActions: SEP(_ , PU)

word buffer character buffer

D /NNA41z /NN /VA [SP_ /PU

b /NN 141z /NN /NVA /SP I/PU
Work  stress big ah !

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

AFeatures
AThe segmentation feature templates of Zhang and Clark (2011)

A Extracting 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
AResults on CTB
Seg-F POS-F  Nor-F

Stanford 0.9058 0.8163
ST 0.8934 (0.8263
S:N;T 0.8885 0.8197 0.4058
SN:T 0.8945 0.8287 0.4207
SNT 0.8995 0.8296 0.4391
ST+Im 0.9162 0.8401
S:N;T+lm 0.9132 0.8341 0.6276
SN;T+Im 0.9240 0.8439 0.6392
SNT+Im 0.9261 0.8459 0.6413

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

ATraditional: word-based Chinese parsing

P
v o
NP N i -H%I:JP

‘ - ~ KH“‘M,_
NR =% ADJP NP

| | |
Hh JJ NN

| |

A &

CTBstylewordd | 8 SR & &y | HChindB S (&rghidetdre industry)  (show)
(new) GLI GOSNY O €D

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

AThis: character-based Chinese parsing

NP ve
NP/ - xﬁip vv:/ NP
‘ ! /__./""/H“' .
NR-t g NN-t ) VWV-c ADJP NP
NFL_,» N,L r VV-b  VV-i 1J-t eru t
S o |
NR-b NR-i NN-c NN-i £ A 1-b NN-¢
N | N
EL rzL[ NN-b  NN-i o Nl\‘l-b Nl‘|\l—i
|
2 = ) W

Charactef S@St aéeyidlE GNBS 6A0KT @SN (NEDd): f(comsBubkiBn) & (G NHzO G dzZNBa T2 NJ a&
(building)3 (industry) (present) (show) (new) (style) 6 &AAldzZr A2y 0 €D

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

AWhy character-based?
AChinese words have syntactic structures.

NN-r NN-I
/\ /\
NN-b NN-i VV-b VV-i
* stock . 17 E2 e 1 ' archaeology
(repository) (saving)  (investigate) (ancient)
(a) subject-predicate. (b) verb-object.
NN-C NN-r
A A
NN-b NN-i NN-b NN-i
" Science and technology # ot [,.JL % ©scum
(science) (technology) (bad) (kind)
(c) coordination. (d) modifier-noun.

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

AWhy character-based?
AChinese words have syntactic structures.

NN-C
/_\‘_h_._-_\_h\_\_h_._%
NN-r NN-I
NN-b NN-i NN-i NN-i
2 i i Ji
(crouching) (tiger) (hidden) (dragon)

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

AWhy character-based?
ADeep character information of word structures.
NN-r

N

NN-c NN-i

N

NN-b  NN-i Mk

e R

(construction) (building)

(industry)

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

AWhy character-based?
ADeep character information of word structures.

NN-r

Representing the whole word by a
/\ character, which is less sparse.
NN-c  NN-i %
NN-b  NN-i ¥k
‘ (industry)
# H

(construction) (building)

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

AThe character-based parsing model
AA transition-based parser

Meishan Zhang, Yue Zhang, Wanxiang Che and Ting Liu. Chinese Parsing Exploiting Characters. In proceedings
of ACL 2013. Sophia, Bulgaria. August.



Transition-based Constituent Parsing

AExample
ASHIFT

stack gueue

DT ADJ NN VV ADJ NNS

N e e

The little boy likes red tomatoes -

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



Transition-based Constituent Parsing

AExample

ASHIFT stack queue
DT ADJ NN VV ADJ NNS )
| I
The little boy likes red tomatoes -

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



Transition-based Constituent Parsing

AExample

ASHIFT stack queue
DT ADJ NN VV ADJ NNS )
| o
The little boy likes red tomatoes -

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



Transition-based Constituent Parsing

AExample
AREDUCE-R-NP stack queue
DT ADJ NN VV  ADJ NNS )
. I .
The little boy likes red tomatoes -

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



Transition-based Constituent Parsing

AExample
AREDUCE-R-NP

stack gueue
DT VV  ADJ NNS )
| NP-r [ N
The /\ likes red tomatoes -
ADJ NN
little  boy

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



Transition-based Constituent Parsing

AExample
ASHIFT

stack gueue

W ADJ NNS
NP-r | | |

/\ likes red tomatoes -

DT NP-r

A
The

ADJ NN

.

little  boy

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



Transition-based Constituent Parsing

AExample

ASHIFT stack queue
\AY ADJ NNS
NP-r | | |
/\ likes red tomatoes -
DT N;D-r
A
The
ADJ NN
|
little  boy

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



Transition-based Constituent Parsing

AExample

ASHIFT stack queue
\YAY/ ADJ NNS
NP-r | | | |
/\ likes red tomatoes -
DT N;D-r
A
The
ADJ NN
|
little  boy

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



Transition-based Constituent Parsing

AExample
AREDUCE-R-NP

stack gueue

\YAY ADJ NNS
wo |1

/\Iikes red tomatoes

DT NP-r

A
The

ADJ NN

.

little  boy

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



Transition-based Constituent Parsing

AExample
AREDUCE-L-NP

stack gueue
Y}
NP-r l NP-r
/\likes /\
< — <
D|T NP-r ADJ  NNS
N\
The ADJ NN red tomatoes
|
little  boy

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



Transition-based Constituent Parsing

AExample

ASHIFT ek quee
NP-r VP-|
DT N;D-r \AY) NID-r
A N
The ADJ NN "kesADJ NNS
| | |
little boy red tomatoes

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



Transition-based Constituent Parsing

AExample

AREDUCE-L-S ctack queue
NP-r VPl |
DT N;D-r vV NID-r
A N
The ADJ NN "kesADJ NNS
| | |
little boy red tomatoes

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



Transition-based Constituent Parsing

AExample

AREDUCE-R-S stack queue
NP-r S
N N
- NP-r VP-| .
ﬂ /\ |
NP-r

The ADJ NN AVAYj

.

little  boy likes

/N

ADJ NNS

red tomatoes

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



Transition-based Constituent Parsing

AExample
ATERMINATE

stack gueue

Sr

_/\
) 2 A |
SN

likes
little  boy ADJ NNS

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

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




Joint Segmentation, POS-tagging and

Constituent Parsing

AThe transition system
A State:

<« stack
S S: So
N N
/N \Su| |Si|  |Sa| |Sor
/N /"\\ /\ /’\

A Actions:

, SHIFFISEPARATI(SHIFRPPEND, REDUSEBWORDI,

queue —»

Q| |a;

REDUGR/ORD, REDUBENARYY;l), REDUGENARYY, TERMINATE

YE ° //v%

&\J\ 2
& &
= ™
> n
S /S
O

A Q°
ETS

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

AActions
ASHIFT-SEPARATE(t)

«— stack gqueue —»
NP /Irﬁ
| (building)
NR-t
|
NR-r
NR-b NR-i
|
H

(middle) (nation)

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

AActions
ASHIFT-SEPARATE(t)

«— stack queue —» <—stack | queue —»
NP gidh et
‘ (building) I,J;[.‘
\R-t (building)
NR-r
NR-b NR-i
‘ | NR-b NR-i
I ]
(middle) (nation) '['

(rmiddle) (nation)

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

AActions
ASHIFT-APPEND

«—stack | queue —»
NP NN-b ﬂk .
‘ ‘ (building) |(industry)
NR-t 2
‘ (construction)
NR-r

NR-b NR-i

th

(middle) (nation)

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

AActions
ASHIFT-APPEND
«—stack | queue —» «— stack | queue —»
NP NN-b I ... NP NN-b oo
‘ ‘ (building) (industry) l | (industry)
Rt E q NR-t 7 i
‘ (construction) [ (construction)| (building)
}F*{ NR-r
NR-b NR-i /\ ,
‘ | NR-b NR-i
! |
(middle) (nation) [FI

{middle) (nation)

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

AActions
AREDUCE-SUBWORD(d)

«—stack | queue —

N

(industry)

NR-r

/\

NR-b NR-i

'

(middle) (nation)

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

AActions
AREDUCE-SUBWORD(d)
«—stack | queue — «— stack | queue —»
NP |/ NP
l (industry) {n?[llirv}
NT't | NR-t NN-b NN
NR-r |
/\ NR-r B W
NR-b NR-i /\ [construction)  (building)
| \ NR-b NR-i
; ||
(middle) (nation) [I]

(middle) (nation)

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

AActions
AREDUCE-WORD

«— stack | queue —»
M=
NP =2
\ _ (present)
NR-t A NT"
l NN-b  NN-i M
NR-r | | (industry)
AN
NR-b NR-i (construction) (building)
i

(middle) (nation)

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

AActions
AREDUCE-WORD
«— stack | queue —» «— stack | queue —»
NP 2 . NP 2
\ NG (present) ‘ (present)
NR-t K q NR-t
| AN |
NN-b  NN-i
NR-r | | (industry) NR-r
/N & s /\
NR-b NR-i (construction) (building) NR-b NR-i
! |

(middle) (nation) (middle) (nation)

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

AActions
AREDUCE-BINARY(d; I)

«— stack | queue —»

NN-t

NN-r

/N

NN-c NN-i

/N

NN-b  NN-i

‘ ‘ (industry )

constiyction) (building)

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

AActions
AREDUCE-BINARY(d; I)

«— stack | queue —» queue —»
g2 . 8

(present)

NN-t

NN-r

/N

NN-c NN-i

/N

“Y'NN-b  NN-i ik

(industry)

(consthyction) (building)

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

AActions
AREDUCE-UNARY())

«— stack | queue —»
NP NN-t :IT:I
| | (present)
NR-t NN-r
| N
NR NN-c  NN-i
NR-b NR-i

(middle) (nation)

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

AActions
AREDUCE-UNARY())

«— stack | queue —»
- =
NP NN-t =)
| | (present)
NR-t NN-r
NR-r K NT-l
/\ NN-b  NN-i W
NR-b NR-i (industry)
o \g s

(middle) (nation)

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

of ACL 2013. Sophia, Bulgaria. August.

—

NP

NR-t

NR-r

/\

NR-b NR-i

t}l

(middle) (nation)

(construbtion) (building)

<«— stack

NP

NN-t

NN-r

N

NN-c NN-i

/N

NN-b  NN-i

(industry)

queue —»




Joint Segmentation, POS-tagging and
Constituent Parsing

AActions
ATERMINATE

queue —»

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

AFeatures

S1/

Sit

Silw

\ (middle) (nation

N-i W

{industry)

NN-b N

Fixay
L
onsthuction) (building)

SOw

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

AFeatures

511 queue —»

S1it

Siw .
N-i

ion
NN-b N SOC

SOw

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

Task P R F
Pipeline Seg 97.35 98.02 97.69

Tag 93.51 94.15 93.83

AResults on CTB

Parse 81.58 82.95 82.26

Flatword Seg 97.32 98.13 97.73
structures Tag 94.09 9488 9448

Parse | 83.39 83.84 83.61
Annotated Seg 97.49 98.18 97.84
word

Tag 9446 95.14 94.80
structures

Parse 84.42 8443 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

AResults on CTB

Task Seg Tag Parse
Kruengkragb Qn o 97.87 93.67 C
{ dzy Qmm 98.17 94.02 C
2ly3dIb QmwMm 98.11 94.18 C
[ A QMM 97.3 93.5 79.7
[ Ab QMH 97.50 93.31 C
| FG2NAB QM 98.26 94.64 q
Qiarb QMH 97.96 03.81 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

AActions
AINITIALIZATION

Stack [S] Buffer [B]
He, won, the; game,

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.



Joint POS tagging and Dependency
Parsing

AActions
ASHIFT

Stack [S] Buffer [B]
He, won, the; game,

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.



Joint POS tagging and Dependency
Parsing

AActions
ATAGgp

Stack [S] Buffer [B]
He prp won, the; game,

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.



Joint POS tagging and Dependency
Parsing

AActions
ASHIFT

Stack [S] Buffer [B]
He,prp WON, the; game,

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.



Joint POS tagging and Dependency
Parsing

AActions
ATAG, g5

Stack [S] Buffer [B]

Hey prp WON, g1 the; game,

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.



Joint POS tagging and Dependency
Parsing

AActions
ALEFT

Stack [S] Buffer [B]

He prp WON,\Bp the; game,
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Joint Segmentation, POS-tagging and
Dependency Parsing

ATraditional word-based dependency parsing
Alnter-word dependencies
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Alnter- and intra-word dependencies
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Joint Segmentation, POS-tagging and
Dependency Parsing

AExtensions from word-level transition-based dependency
parsing models
A Arc-standard (Nirve 2008; Huang et al., 2009 )
A Arc-eager (Nirve 2008; Zhang and Clark, 2008)
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Joint Segmentation, POS-tagging and
Dependency Parsing

AWord-level transition-based dependency parsing
A Arc-standard
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AWord-level transition-based dependency parsing
A Arc-eager
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Joint Segmentation, POS-tagging and
Dependency Parsing

ANew features

Feature templates L-T T T TS~
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Joint Segmentation, POS-tagging and
Dependency Parsing

AResults on CTB

Model

CTB50 CTB60 CTB70
SEG POS DEP WS | SEG POS DEP WS | SEG POS DEP WS

The arc-standard models

STD (pipe) 97.53 9328 79.72 - |9532 90.65 7535 - |9523 89.92 7393 -

STD (real, pseudo) |97.78 93.74 -  97.40(95.77" 91.24* -  95.08|95.59* 90.49* - 9497
STD (pseudo, real) |97.67 94.28% 81.63% - |95.63% 91.40% 76.75* - |95.53% 90.75% 75.63%* -

STD (real, real) | 97.84 94.62% 82.14* 97.30(95.56° 91.39* 77.09* 94.80|95.51% 90.76* 75.70* 94.78
Hatori+ *12 97.75 9433 81.56 - |9526 91.06 7593 - [9527 90.53 7473 -

The arc-eager models

EAG (pipe) 97.53 9328 79.59 - |9532 90.65 7498 - [9523 89.92 7346 -

EAG (real, pseudo) [97.75 93.88 -  97.45|95.63% 91.07% 95.06 | 95.50% 90.36% -  95.00

EAG (pseudo, real) [97.76 94.36* 81.70* - |95.63% 91.34* 76.87%* - ]95.39% 90.56* 75.56* -
EAG (real, real)  [97.84 94.36* 82.07% 97.49|95.71* 91.51% 76.99* 95.16|95.47F 90.72* 75.76* 94.94

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, J u n OTsugii.Hncremental Joint Approach to Chinese Word
Segmentation, POS Tagging, and Dependency Parsing. In the Proceedings of ACL. Jeju, Korea. 2012.



Joint Morphology and Linearization

ATask

Output: meanwhile, prices are thought to have 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.
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Joint Morphology and Linearization

ATransition Actions
A SHIFT-Word-POS [SH]
A Shifts Wordfrom ~ s signs POS to it and pushes it to top of stackas
A LEFTARC-LABEL [LA] | ABEL

A Constructs dependency arc S, S, and pops out second element from
top of stack S,

A RIGHTARD-LABEL [RA]

A Constructs dependency arc S, _ LABEL S, and pops out top of stack S,
A INSERT [IN]

A Insertscomma at the present position
A SPLITAR®/ord [SP]

A splits an arc in the input grapD 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.



Joint Morphology and Linearization

ATransition Example

Input
Lemmas:

think,,, price, .5 Increasg, bes havgs 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.
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think;, price, .3 increasg, beg havgg meanwhile,

8-

ATransition Action

Co
W

1 2 3 4 5 6 7

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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think;, price, .3 increasg, beg havgg meanwhile,

ATransition Action
A SH-meanwhile

Meanwhile

Co
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7 1 2 3 4 5 6
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ATransition Action
AINSERT

Meanwhile
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Spain. April.
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think;, price, .3 increasg, beg havgg meanwhile,

ATransition Action
A SH-prices

Meanwhile , prices
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Meanwhile , prices are thought
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ATransition Action
A SH-to

Meanwhile , prices are thought to
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ATransition Action
A SH-increased
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ATransition Action
ALA (2 & 5) [SBJ]

Co
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Joint Morphology and Linearization

AResults on dataset of the Surface Realisation Shared Task

System BLEU Score
STUMABA-D 79.43

Pipeline 70.99

TBDIL 30.49

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

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

Gliclazidey,4-induced acute hepatitis ygease

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

AEntity actions:

A O, which marks the current word as not belong to either a drug or
disease mention.

ABC, which marks the current word as the beginning of a drug mention.

ABD, which marks the current word as the beginning of a disease
mention.

Al, which marks the current word as part of a drug or disease mention
but not the beginning.

AFor example

A Given a sentence: Gliclazide-induced acute hepatitis.

AThe action se@BBPnceO fHABEI &dlidazidey, rieducece s ul t O
acute hepatitiS joqee- O

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

ARelation actions
AN, which indicates that a pair of entities does not have an ADE relation
AY, 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

AThe state of the joint model as a tuple <labels, disease, drugs, S
ADEs>
Alabels is a label sequence
Adisease is a list of readily-recognized disease entity mentions
Adrugs is a list of readily-recognized drug entity mentions
AADEs 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

AState transition examples

Hepatitis caused by methotrexate and etretinate .
BD O O BC O BC O

state <labelsdiseasedrugs,relations> next action

<0.0.0.0> BD

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

AState transition examples

Hepatitis caused by methotrexate and etretinate .
BD O O BC O BC O

state <labelsdiseasedrugs,relations> next action

<[BDL[.0.0> O

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

AState transition examples

Hepatitis caused by methotrexate and etretinate .
BD O O BC O BC O

state <labelsdiseasedrugs,relations> next action

<[BD,0],[Hepatitis],[],[> 0

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

AState transition examples

Hepatitis caused by methotrexate and etretinate .

BD @) @) BC @) BC @)
state <labelsdiseasedrugs,relations> next action
<[BD,0,0],[Hepatitis],[],[]> BC

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

AState transition examples

Hepatitis caused by methotrexate and etretinate .
BD O O BC O BC O

state <labelsdiseasedrugs,relations> next action

<[BD,0,0,BC],[Hepatitis], [,[> 0

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

AState transition examples

Hepatitis caused by methotrexate and etretinate .
BD O O BC O BC O

state <labelsdiseasedrugs,relations> next action

<[BD,0,0,BC,O],[Hepatitis],[methotrexate],[]> Y

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

AState transition examples

Hepatitis caused by methotrexate and etretinate .

BD @) @) BC @) BC @)
state <labelsdiseasedrugs,relations> next action
<[BD,0,0,BC,0,Y],[Hepatitis],[methotrexate],[(Hepatitis,methotrexate)]> BC

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

AState transition examples

Hepatitis caused by methotrexate and etretinate .
BD O O BC O BC O

state <labelsdiseasedrugs,relations> next action

<[BD,0,0,BC,0,Y,BC],[Hepatitis],[methotrexate],[(Hepatitis,methotrexate O
)1>

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

AState transition examples

Hepatitis caused by methotrexate and etretinate .
BD O O BC O BC O

state <labelsdiseasedrugs,relations> next action

<[BD,0,0,BC,0,Y,BC,O],[Hepatitis],[methotrexate,etretinate],[(Hepatitis, Y
methotrexate)]>

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

AState transition examples

Hepatitis caused by methotrexate and etretinate .

BD O @) BC @) BC @)
state <labelsdiseasedrugs,relations> next action
<[BD,0,0,BC,0,Y,BC,0,Y],[Hepatitis],[methotrexate, etretinate],[(Hepatiti <EOS>

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

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

AResults on ADE data

Entity Recognition ADE extraction

Method p R F p R F,
L1 et al.
12015] 139 | FL6 | 136 | 352 | 419 | 51.1

Baseline 718 | 728 | /48 | 60.7 | 515 3.7
Discrete Joint | 80.0 | 75.1 775 | 65.1 | 56.7 | 60.6

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.
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Deep Learning Models

ANeural Transition-based Models

ANeural Graph-based Models (Multi-task Learning)
ACross Task
ACross Domain
ACross Lingual
ACross Standard



Deep Learning Models

ANeural Transition-based Models
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Joint Entity and Relation Extraction

AModel

Softmas CIEITIOI0)
Hidden (Q O O C|> OO O)
(o000 Ceeeee@®

Pooling |

00000
00000

fixed-length
Input < xec-leng Convolution |

features :O O O O Q:

variable-length
features

\ (Gliclazide—induced acute hepatitis.)

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

AResults
Entity Recognition ADE extraction
Method p R . p R F
L1 et al
12015] 759 | 71.6 | 73.6 | 552 | 479 | 51.1

Baseline 77.8 72.0 | 74.8 60.7 51.5 55.7
Discrete Joint | 80.0 | 75.1 77.5 65.1 56.7 60.6
Neural Joint 795 | 79.6 | 79.5 | 64.0 | 62.9 | 634

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

ATransition Action

StacKS] Buffer[M]

all

are expected to reopen soon root

Queue[B]

all, are,expectedto, reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with

Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

ATransition Action
AS-SHIFT

StacKS] Buffer[M]

all

are expected to reopen soon root

all

Queue[B]

are, expected,to, reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with

Stack LSTMs proceedings o€oNLLCoNLI2016)




Joint Parsing and SRL

ATransition Action
AM-SHIFT

StacKS] Buffer[M]

all

are expected to reopen soon root

all

all

Queue[B]

are, expected,to, reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with

Stack LSTMs proceedings o€oNLLCoNLI2016)




Joint Parsing and SRL

ATransition Action
AS-LEFT (shj)

StacS]

Buffer[M]

sbj

all

are

expected to reopen soon root

all

Queue[B]

are, expected,to, reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with

Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

ATransition Action
AS-SHIFT

StacKS] Buffer[M]

sbj

all

are expected to reopen soon root

are

all

Queue[B]

are, expected,to, reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with

Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

sbj

ATransition Action
AM-SHIFT

all ||are| expected to reopen soon root

StacKS] Buffer[M] Queue[B]

are all, are expectedto, reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

sbj VC

ATransition Action
AS-RIGHT (vc)

all ||are||expected to reopen soon root

StacKS] Buffer[M] Queue[B]

are,expected all, are expected o, reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

ATransition Action
AM-PRED (expect.01)

StacS]

are,expected

Buffer[M]

sbj VC

all

are||expecteq to reopen soon

root

all, are

Queue[B]

expected,to, reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with

Stack LSTMs proceedings o€oNLLCoNLI2016)




Joint Parsing and SRL

sbj VC

ATransition Action
AM-REDUCE

all ||are||expected to reopen soon root

StacKS] Buffer[M] Queue[B]

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

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

sbj VC

A 4

ATransition Action all |[are||expected to reopen soon root

AM-LEFT(AL) 7
Al

StacKS] Buffer[M] Queue[B]

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

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

ATransition Action
AM-SHIFT

StacS]

are,expected

sbj VC
all ||are expectec][to reopen soon root
~___
Al
Buffer[M] Queue[B]
all, expected to, reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with

Stack LSTMs proceedings o€oNLLCoNLI2016)




Joint Parsing and SRL

Sbj VC oprd

\ 4 \ 4

all || are||expected|to | reopen soon root

ATransition Action

AS-RIGHT (oprd) 7
Al
StacKS] Buffer[M] Queue[B]
are,expected,o all, expected to, reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

Sbj VC oprd

\ 4 \ 4

all || are||expected|to | reopen soon root

ATransition Action

AM-RIGHT (C-A1l) ~— 7
Al C-Al
StacKS] Buffer[M] Queue[B]
are,expected,o all, expected to, reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

Sbj VC oprd

\ 4 \ 4

all || are||expected|to | reopen soon root

ATransition Action

AM-REDUCE -
Al C-Al
StacKS] Buffer[M] Queue[B]
are,expectedto all to, reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

Sbj VC oprd

\ 4 \ 4

all || are||expected|to | reopen soon root

ATransition Action

AM-SHIFT -
Al C-Al
StacS] Buffer[M] Queue[B]
are,expected,o all, to reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

Sbj VC oprd im

\4 u
all ||are||expected|to reoperi soon root

ATransition Action

AS-RIGHT (im) < R
Al C-Al
StacKS] Buffer[M] Queue[B]
are,expected o, reopen all, to reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

ATransition Action
AM-PRED (reopen.01)

StacS]

are, expected,to, reopen

Sbj VC oprd im

v .
all ||are||expected|to reoperi soon root
S~ A
Buffer[M] Queue[B]
all, to reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with

Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

Sbj VC oprd im

\4 u
all ||are||expected|to reoperi soon root

ATransition Action

AM-REDUCE -
Al C-Al
StacKS] Buffer[M] Queue[B]
are,expected o, reopen all reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

Sbj VC oprd im

\4 u
all ||are||expected|to reoperi soon root

ATransition Action
AM-LEFT (A1)

C-Al
A
StacKS] Buffer[M] Queue[B]
are,expected o, reopen all reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

Sbj VC oprd im

\4 u
all ||are||expected|to reoperi soon root

ATransition Action

AM-REDUCE
C-Al
A
StacKS] Buffer[M] Queue[B]
are, expected,to, reopen reopen,soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

Sbj VC oprd im

\4 u
all ||are||expected|to reoperi soon root

ATransition Action

AM-SHIFT
C-Al
A
StacKS] Buffer[M] Queue[B]
are, expected,to, reopen reopen soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

sbj VC oprd im tmp

\4 u \ 4
all ||are||expected|to reoperi soor] root

ATransition Action
AS-RIGHT (tmp)

C-Al
A
StacKS] Buffer[M] Queue[B]

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

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

sbj VC oprd im tmp

\4 u \ 4
all ||are||expected|to reoperi soor] root

ATransition Action
AM-RIGHT (AM-TMP)

C-Al AM-TMP
A
StacKS] Buffer[M] Queue[B]

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

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

ATransition Action
AM-REDUCE

StacKS] Buffer[M]

are, expected 10, reopen, soon

sbj VC oprd¢| im tmp
all ||are||expected|to reoperi soor] root
C-Al AM-TMP
A
Queue[B]
soon,root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with

Stack LSTMs proceedings o€oNLLCoNLI2016)




Joint Parsing and SRL

sbj VC oprd im tmp

\4 u \ 4
all ||are||expected|to reoperi soor] root

ATransition Action

AM-SHIFT
C-Al AM-TMP
A
StacKS] Buffer[M] Queue[B]
are, expected,to, reopen soon root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

sbj VC oprd im tmp

\4 u \ 4
all ||are||expected|to reoperi soor] root

ATransition Action

AS-REDUCE
C-Al AM-TMP
A
StacKS] Buffer[M] Queue[B]
are, expected,to, reopen soon root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

sbj VC oprd im tmp

\4 u \ 4
all ||are||expected|to reoperi soor] root

ATransition Action

AS-REDUCE
C-Al AM-TMP
A
StacKS] Buffer[M] Queue[B]
are, expected fo soon root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

sbj VC oprd im tmp

\4 u \ 4
all ||are||expected|to reoperi soor] root

ATransition Action
AS-REDUCE

C-Al AM-TMP
A
StacKS] Buffer[M] Queue[B]

are, expected soon root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

sbj VC oprd im tmp

\4 u \ 4
all ||are||expected|to reoperi soor]| root

ATransition Action
AS-REDUCE

C-Al AM-TMP
A
StacKS] Buffer[M] Queue[B]

are soon root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

root
Sbj VC oprd im tmp

\4 u \ 4
all ||are||expected|to reoperi soor]| root

ATransition Action
AS-LEFT (root)

C-Al AM-TMP
A
StacKS] Buffer[M] Queue[B]

soon root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

root
sbj VC oprd¢| im tmp
ATransmon Action all ||are||expected|to reoperi soor]| root
AS-SHIFT
C-Al AM-TMP
A
StacKS] Buffer[M] Queue[B]

root soon root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

root
sbj VC oprd¢| im tmp
ATransmon Action all ||are||expected|to reoperi soor]| root
AM-REDUCE
C-Al AM-TMP
A
StacKS] Buffer[M] Queue[B]

root root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

root
sbj VC oprd¢| im tmp
ATransmon Action all ||are||expected|to reoperi soor]| root
AM-SHIFT
C-Al AM-TMP
A
StacKS] Buffer[M] Queue[B]

root root

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

AModel

1

A{

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with

O O O > O O O > O O O » O 0 O >
root soon reopen to

o O O * O O O >

S - @e @cted

all are

[ O O O™ 0 0 O >

M all expect.01

all K

O O O — 0 0 O * O O O > O O O

M-PRED  M-REDUCE M-LEFT  M-SHIFT

(expect.01) (A1)

Stack LSTMs proceedings o€oNLLCoNLI2016)

o O o0 o o o o o o o o o o o o o

S-RIGHT
(oprd)




Joint Parsing and SRL

AResults on CONLL

Sem. | Macro

Model LAS

joint models:
Lluis and Marquez (2008) | 85.8 | 70.3 78.1
Henderson et al. (2008) 87.6 | 73.1 80.5

Johansson (2009) 86.6 | 77.1 81.8
Titov et al. (2009) 87.5 | 76.1 81.8
CoNLL 2008 best:

#3: Zhao and Kit (2008) 87.7 | 76.7 82.2
#2: Che et al. (2008) 86.7 | 78.5 82.7
#2: Ciaramita et al. (2008) | 87.4 | 78.0 82.7
#1: J&N (2008) 89.3 | 81.6 | 855
Joint (this work) 89.1 | 80.5 84.9

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Parsing and SRL

A‘]Olnt VS Plpe“ne Model LAS Sem. F} | Sem. F} | Macro
ode (WSJ) | (Brown) | Fy

CoNLL 09 best:
#3 G+ 09 88.79 83.24 70.65 86.03
#2 C+°09 88.48 85.51 73.82 | 87.00
#1 Z+°09a 89.19 86.15 74.58 87.69
this work:
Syntax-only 89.83
Sem.-only 84.39 73.87
Hybrid 89.83 84.58 75.64 | 87.20
Joint 89.94 84.97 74.48 87.45
pipelines:
R&W 14 86.34 75.90
L+°15 86.58 75.57
T+ 15 87.30 75.50
F+ 15 87.80 75.50

SwabhaSwayamdiptaMiguel Ballesteros, Chris Dyer and Noah A. SmiBreedy, Joint SyntactlSemantic Parsing with
Stack LSTMs proceedings o€oNLLCoNLI2016)



Joint Word Segmentation, POS Tagging/
and Dependency Parsing

AModel
AR T HEIHE,
Technology have made new progress.
Stack (word-based) Buffer (character-based)
B HHIHR.
/ Y
AN N Transitions History:

Left children  Right children SH AP SH RL SH RR
(word-based) (word-based)

Kurita,Shuhej Daisuke Kawahara, asddadurohashi"Neural Joint Model for Transitidmased Chinese Syntactic
Analysis.'Proceedings of the 55th Annual Meeting of the Association for Computational LingWMiskids 2017.



Joint Word Segmentation, POS Tagging/
and Dependency Parsing

Beam output P

AFeed-forward NN model conyouput PE

Hidden layer 2

0000000000 )
Hidden layer 1 ReLUT

0000000000 )

Embedding layer T

Word embeddings Character embeddings

4 )

Character Strings

Kurita,Shuhej Daisuke Kawahara, asddadurohashi"Neural Joint Model for Transitidmased Chinese Syntactic
Analysis.'Proceedings of the 55th Annual Meeting of the Association for Computational LingWMiskids 2017.




Joint Word Segmentation, POS Tagginc
and Dependency Parsing

Lereedy

P} b) | |
- Bi-LSTM Bi-LSTM
e DI- modade reml—
. [ ]
s,_is_ NULL Word * Embeddings of
Embeddings Character Strings
S,
Z
-concal concat concat
I | I | A (Technology) HAET (Technology have made)

[LsTh le—— LsTM fe——{LSTM|«—{LSTM [« LSTM |«
[LsTM[———>{LsTM|——{LsTM}—|LSTM}——>|LSTM}|——>
BART ABETH  ATHN  THEE SR

[LsTM [e—LsTM fe——]{LSTM |+—— LSTM ¢+ LS T |+—
[Lstm|—LsTM|—{LSTM |—{LSTM| > LSTM | >
AR AET BTH THHE )i
[LsTM e LsTM je——]{LSTM |]¢«——{ LSTM|¢—] LS TM [«
[LsTm}—{LsTM|—{LSTM|—>{LSTM|—>{LSTM|—>
R B a7 THE F9
[LsTm ¢ L5 fe——{LsTM |¢—J LSTM }¢——]LSTM }¢—

[LsTM|— LS TM |—{LSTM |——> LSTM|[—]LSTM |[—>
% A (=] T o

s S, b,

4-gram

3-gram

2-gram

bi-LSTM bi-LSTM  bi-LSTM bi-LSTM

1-gram

Stack (word-based) Buffer (character-based)

#R (B THTROERE.

s, s, S, b:

Kurita,Shuhej Daisuke Kawahara, asddadurohashi"Neural Joint Model for Transitidmased Chinese Syntactic
Analysis.'Proceedings of the 55th Annual Meeting of the Association for Computational LingWMiskids 2017.



Joint Word Segmentation, POS Tagginc @
and Dependency Parsing

AResultson PTB
Model Seg POS Dep
Hatori+12 97.75 94.33 81.56

M. Zhang+14 STD  97.67 9428  81.63
M. Zhang+14 EAG  97.76 9436  81.70

Y. Zhang+15 98.04 9447  82.01
SegTagDep(g) 98.24 9449  80.15
SegTagDep 98.37 94.83% 81.42¢
SegTag+Dep 98.60° 94.76*  82.60*

Kurita,Shuhej Daisuke Kawahara, asddadurohashi"Neural Joint Model for Transitidmased Chinese Syntactic
Analysis.'Proceedings of the 55th Annual Meeting of the Association for Computational LingWMiskids 2017.



Joint Extraction of Entities and Relation§}

ATransition Actions
Alnitialization

ShaoleWang, Yue ZhanyVanxiangChe, Ting Liu. 2018oint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Joint Extraction of Entities and Relation§}

ATransition Actions
AGEN-SHIFT

John,| liveg, ing Losg, Angeleg; Californig

ShaoleWang, Yue ZhanyVanxiangChe, Ting Liu. 2018oint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Joint Extraction of Entities and Relation§}

ATransition Actions
AGEN-NER

Per

John,| liveg, ing Losg, Angeleg; Californig

ShaoleWang, Yue ZhanyVanxiangChe, Ting Liu. 2018oint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Joint Extraction of Entities and Relation§}

ATransition Actions

Per
ANO-SHIFT Johny| lives, ing Logy, Angeleg; Californig
(i y © D
1 2,..., 6

ShaoleWang, Yue ZhanyVanxiangChe, Ting Liu. 2018oint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Joint Extraction of Entities and Relation§}

ATransition Actions

Per
AO-DELETE Johny| lives, ing Los, Angeleg, Californig
(i y © D
7 3,...,6

ShaoleWang, Yue ZhanyVanxiangChe, Ting Liu. 2018oint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Joint Extraction of Entities and Relation§}

ATransition Actions

Per
AO-DELETE Johny| lives, ing Los, Angeleg, Californig
(i y © D
7 4,...,6

ShaoleWang, Yue ZhanyVanxiangChe, Ting Liu. 2018oint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Joint Extraction of Entities and Relation§}

ATransition Actions
AGEN-SHIFT

Per

Johny| lives, ing; |Log,| Angeleg; Californig;

ShaoleWang, Yue ZhanyVanxiangChe, Ting Liu. 2018oint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Joint Extraction of Entities and Relation§}

ATransition Actions
AGEN-SHIFT

Per

Johny| lives, ing; |Log,; Angeleg;) Californig;

ShaoleWang, Yue ZhanyVanxiangChe, Ting Liu. 2018oint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Joint Extraction of Entities and Relation§}

ATransition Actions

Per Loc
AGEN-NER Johny| lives, ing |Log, Angeleg) Californig,
(i y © °
; 5, 6

ShaoleWang, Yue ZhanyVanxiangChe, Ting Liu. 2018oint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Joint Extraction of Entities and Relation§}

ATransition Actions
ARIGHT-SHIFT

Per Loc

John,| lives, ing [Los, Angeleg;| Californig,

Live In

1,5 6

ShaoleWang, Yue ZhanyVanxiangChe, Ting Liu. 2018oint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Joint Extraction of Entities and Relation§}

ATransition Actions
AGEN-SHIFT

Per Loc

John, ] lives, ing, (Los, Angeleg) [Californig,

Live In

1,5 6

ShaoleWang, Yue ZhanyVanxiangChe, Ting Liu. 2018oint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Joint Extraction of Entities and Relation§}

ATransition Actions

Per Loc Loc
AGEN-NER John, lives,; ing, (Lo, Angeleg) [Californig,
Live_In “
(i y © °
1,5 J

ShaoleWang, Yue ZhanyVanxiangChe, Ting Liu. 2018oint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Joint Extraction of Entities and Relation§}

ATransition Actions
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Joint Extraction of Entities and Relation
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Joint Extraction of Entities and Relation

AResults on NYT

Method Prec. Rec. F1

FCM [Gormley et al., 2015] 55.3 15.4 24.0
DS+logistic [Mintz et al., 2009] 25.8 39.3 31.1
LINE [Tang et al., 2015] 33.5 32.9 33.2
MultiR [Hoffmann ez al., 2011] 33.8 32.77 33.3
DS-Joint [Li and Ji, 2014] 57.4 25.6 354
CoType [Ren et al., 2017] 42.3 51.1 46.3
LSTM-LSTM-Bias 61.5 41.4 49.5
LSTM-LSTM-Bias* 60.8 41.3 49.1
Our Method 64.3 42.1 50.9

ShaoleWang, Yue ZhanyyanxiangChe Ting Liu. 2018loint Extraction of Entities and Relations Based on a Novel Graph
Scheme. In Proceedings of 27th IJEBGAI



Deep Learning Models

ANeural Transition-based Models

ANeural Graph-based Models (Multi-task Learning)
ACross Task
ACross Lingual
ACross Domain
ACross Standard
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Neural Graph-based Models (Multi-task
Learning)
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Neural Graph-based Models (Multi-task
Learning)
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Joint Tagging, Chunking and NER

ASeminal work in NLP

Input Window

word of interest

Text cat sat onm the mat
1 1 il
Feature 1 Wy Way ... Wiy
K R K
Feature K wyt oWy L Wiy
v

Lookup Table

=TI

concat v
Linear g
M xd AS
ko '
HardTanh v
A~ ‘
&
Linear @
A'TZ . Ij
nd, = #tags

Collobert, Ronan, et al. "Natural language processing (almost) from scratch." Journal of Machine Learning
Research 12.Aug (2011): 2493-2537.



Joint Tagging, Chunking and NER

AMultitasking between Tagging, Chunking and NER
AShare lookup table
AShare first linear layers

Collobert, Ronan, et al. "Natural language processing (almost) from scratch." Journal of Machine Learning
Research 12.Aug (2011): 2493-2537.



