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Part of speech:

g

(vBDJ (INJ(NNPJ (NNP) [.](CC)(PRP](VBZ] [RB] (NJ (PRP](]

l NN e T e e N N e, G e e e e e (1) ‘

Mrs. Clinton previously worked for Mr. Obama, but she is now distancing herself from him .

Named entity recognition:

(Person]  (Date]
—— — —————— e ——
l Mrs. Clinton previously worked for Mr. Obama, but she is now distancing herself from him. ‘

Co-reference: . ____ e

—— —_— /= —_—

I
| I
[ Ment | (M (Mention| (M
Mrs. Clinton previously worked for Mr. Obama, but she is now distancing herself from him. |

Basic dependencies: conj

cc

nmod nsubj

nsubj case i

compound I %} compound 1 [ advmod dobj case 1
X

NP NP NNB) () [CO(PRP)VED) [R8) W PRE

= = N = (e —_—— Y —— = () ‘

Mrs. Clinton previously worked for Mr. Obama, butshe is now distancing herself from him .

Advances in Natural Language Processing. Science 2015. 3
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The protests escalated over the weekend <EOS>

| I | | I |
Die  proteste waren am wochenende eskaliert <EOS> | The protests escalated over the  weekend

Advances in Natural Language Processing. Science 2015. 5
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. we feel confident that more data and
computation, 1n addition to recent
V778 advances in ML and deep learning, will

@l lcad to further substantial progress in NLP.

ol However, the truly difficult problems of
D semantics, context, and knowledge will
ey probably require new discoveries 1in
MR linguistics and inference.
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Mona Lisa
Date of birth: April 15, 1452

Date of death: May 2, 1519
(age 67 years)
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A lexical database for English

EF (FW) Bisi0EEMETE
Word Similarity Computing Based on How-net

X - FERE
Qun LIU, Sujian LI

WXAEMETT HARSVERBATZOMA, HNERRER. FEEHMER. X
AHE., XA BT EAONEZIFEE. WIARMETT OB ERS
BERETHRAIR (Ontology) FEMHEMAR (Taxonomy) MSEFETHR
N ETXAEZERESE, BRMAEEERRI.

(aR) B—8LEERIFREAIREA, RETANTENEN. 73, @
F (R R F—MIREKANR—HSHNMARTHN, XEEE
BUENITHEERT R, X—R5 WordNet # (EXiFEH) FE., %
WordNet Fl (EIX81a#) $, FAARERAIENXIA (WordNet 89 synset 3% (&
SGEEM) KERE) MA—TMREN, BITHIENZENESR, REITH
RPREGM PN S RIEEBEIR]. M (M) PIEOERMNERNITHEFE
IXTrEa:

1 B—MINEHERE BT XREM;

2. WENBEXERPETNRATEFEN, ENZEBHERNOXER, B
E—MENNARERESRET.

BNV IEEREE:

L AR (AR) PARERESHIEE, TREBR—MINFMANZ TN
RZBMXR, XORENEAMNETHPRENER; BINRB—HME

13
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X EH1E 5HowNet

* HowNet2E#RR, ER|XFE=TF 20T
E’Jk%”mm R, EE2M|EAFXAELCSHE
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H 3 FRAH

« XJRZ[EEARICIBX KRER, WWmodifier, host,
belong=s

Tl m#1
DEF={Boundary|5%BR:host={entity|3£{4},modifier={GreaterThanNormal|=F 1IE % :degree=
{most|&}}}

TR #2

DEF={location|{ii &:belong={angular|£},modifier={dot| 53}}
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INPUT PROJECTION OUTPUT INPUT PROJECTION OUTPUT

w(t-2) w(t-2)

w(t-1) w(t-1)

SUM
—+ w(t) w(t) r—b

w(t+2) w(t+2)

word2vec

Tomas Mikolov et al. Distributed representations of words and phrases and their compositionality. NIPS 2013. 21
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context

000
contextual
embedding

word W,

att; att, att; .

sense 000 S: 0005s: 9000s:

sememe

MIE-1R X - C B & = F SRR E

Yilin Niu, Ruobing Xie, Zhiyuan Liu, Maosong Sun. Improved Word Representation Learning with

Sememes. ACL 2017.
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Model Accuracy Mean Rank

Capital City Relationship All Capital City Relationship  All
CBOW 49.8 85.7 86.0 64.2 36.98 1.23 62.64 37.62
GloVe 57.3 74.3 81.6 65.8 19.09 1.71 3.58 12.63
Skip-gram 66.8 93.7 76.8 73.4 137.19 1.07 2.95 83.51
SSA 62.3 93.7 81.6 71.9 45.74 1.06 3.33 28.52
MST 65.7 95.4 82.7 74.5 50.29 1.05 2.48 31.05
SAC 79.2 97.7 75.0 81.0 28.88 1.02 2.23 18.09
SAT 82.6 98.9 80.1 84.5 14.78 1.01 1.72 9.48

RECHIBEZIFMLE R, HASAC, SATRFZFFHA TIER B AESR
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* BEHERRIE L T XE R SEIE B

ET3E XE “BEE” XE “HE”
=E 0.39 0.42
BREH 0.39 -0.09
Epili 0.00 0.36

LTt “IRERAB” XREESMERS]

1)/a] X1 MR X2 MR

EREZFERPEER SERmAE 1 0.28 SERIKR 1 0.72

ERBNITELES B SER A © 0.87 SERKR 013
I\FZBAEFHNE AL SR A4 : 0.90 ERRA : 0.10
NeEEAAALREE Fl{& : 0.15 ZBBA - 0.85

R¥E_E TN IGHIR SRR )
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The U.S. trade deficit last year is initially
estimated to be 40 billion
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context word
vector distribution

Conventional Decoder

Sememe-Driven Decoder
context word

sememe sense e e
vector |  Sememe [distribution Sense distribution Word dlStI'lbutlonA

Predictor Predictor Predictor




By SR

P(word) e “pear” “apple” T;
BFOkR) FROKR) SR (LK)
P(sense) " “pear(fruit)” “apple(fruit)” “apple(computer)” L

sememe
experts
KR X fE Lt FEL i R E M fE
“fruit” “PatternVal” | “bring” “computer” |“SpeBrand” | “able”
context
vector @
LSTM LSTM LSTM LSTM
# TE SR i
GGI” Gtin9’ “Orchard,, GGpick7,

Yihong Gu, Jun Yan, Hao Zhu, Zhiyuan Liu, Ruobing Xie, Maosong Sun, Fen Lin and Leyu Lin.
Language Modeling with Sparse Product of Sememe Experts. EMNLP 2018. 27



s XRIKFHBAIESIRE (SDLM) TR TE

ﬁEﬁTlm = %9_}2

+ EH
A AN

Model #Paras  Validation Test
LSTM (medium) 24M 116.46 115.51
+ cHSM 24M 129.12 128.12
+ tHSM 24M 151.00 150.87
Tied LSTM (medium) 15M 105.35 104.67
+ cHSM 15M 116.78 115.66
+ MoS 17M . .
+ SDLM 17M m
LSTM (large) 76M } .
+ cHSM 76M 120.07 119.45
+ tHSM 76M 140.41 139.61
Tied LSTM (large) 56M 101.46 100.71
+ cHSM 56M 108.28 107.52
+ MoS 67M 94 91 0440
+ SDLM 67M 94.24 93.60
AWD-LSTM"* 26M 8935  83.36
+ MoS 26M 92 .98 92.76
+ SDLM 27TM 88.16 87.66

Yihong Gu, Jun Yan, Hao Zhu, Zhiyuan Liu, Ruobing Xie, Maosong Sun, Fen Lin and Leyu Lin.

Language Modeling with Sparse Product of Sememe Experts. EMNLP 2018.

28
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Example (1)
= RE WU E YIZ AT N <N> :
The U.S. trade deficit last year is initially estimated to be <N>
Top 5 word prediction

I “dollar” , Y o 7
H T “yen” A1 “and”

Top 5 sememe prediction
B “commerce” &l “finance” B “unit”

% /b “amount” % “proper name”

Example (2)
e::: EEE T — W el o
Albanian Prime Minister has signed an order.

Top 5 word prediction
Nl “inside” <unk> £ “at”
& “tower” #1 “and”
Top 5 sememe prediction

B “politics” A “person” IEHE “flowers”

H4E “undertake”  JKIE “waters”

Yihong Gu, Jun Yan, Hao Zhu, Zhiyuan Liu, Ruobing Xie, Maosong Sun, Fen Lin and Leyu Lin.
Language Modeling with Sparse Product of Sememe Experts. EMNLP 2018.
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ZRIT (ironsmith) word
External information
—| Word embedding | —t
— _ ironsmith sense
AT |
_’:[ %& (iron) }I.. "deﬁne
14,
I (craftsman) L. A
Internal information, | . (human)
. sememes
. "~ —xdomain
JRelateToA
BRAL &g T
(occupation) (metal) (industrial)

Ruobing Xie, Xingchi Yuan, Zhiyuan Liu, Maosong Sun. Lexical Sememe Prediction via Word
Embeddings and Matrix Factorization. IJCAI 2017.

Huiming Jin, Hao Zhu, Zhiyuan Liu, Ruobing Xie, Maosong Sun, Fen Lin, Leyu Lin. Incorporating
Chinese Characters of Words for Lexical Sememe Prediction. ACL 2018.
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N2 ~ =—,“TE%%ﬂX%ﬁ%&
R @M. WMEEEE,

Method MAP POS number of words MAP
adverb 136 0.568
SPSE 0.554 adjective 808 0.544
SPASE 0.506 verb 1,867 0.583
GloVe+LR 0.662 noun 3,556 0.747
SPWE 0.676 . NN N
— W SPASE G633 AEE M AY1EE R LR
SPWE4+SPSE 0713 word frequency number of words MAP
<800 1,659 0.817
N s 800 - 3,000 1,494 0.736
X RHERF R 3,001 - 15,000 1,672 —ozmjl
>15,000 1,311 0.596
AEEZRAYEE X RERF R
words Top 5 sememes prediction
¥ 2K (webaholic) A (human), B %7 (internet), 22 % (frequency), #|H (use), Z*X (fond of)
& ¥ (express mail) HB3F (post), 1544 (letter), TR (fast), Z{F (fact), & (landvehicle)
H5Z )V (film industry)  ZF55(affairs), Z,(entertainment), {5 (shows), 1% (take picture), #il3& (produce)
i (rafting) HE (ship), F%iFF(tour), i (swim), 7K38(waters), JH [l (whileaway)

~ZE(ram) & (livestock), 5 (male), ZZ (female), & & (beast), {AF7(foster)
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https://github.com/thunlp/SCPapers

Fanchao Qj, Junjie Huang, Chenghao Yang, Zhiyuan Liu, Xiao Chen, Qun Liu, Maosong
Sun. Modeling Semantic Compositionality with Sememe Knowledge. ACL 2019.

Yihong Gu, Jun Yan, Hao Zhu, Zhiyuan Liu, Ruobing Xie, Maosong Sun, Fen Lin and
Leyu Lin. Language Modeling with Sparse Product of Sememe Experts. EMNLP 2018.

Fanchao Qi, Yankai Lin, Maosong Sun, Hao Zhu, Ruobing Xie, Zhiyuan Liu. Cross-
lingual Lexical Sememe Prediction. EMNLP 2018.

Huiming Jin, Hao Zhu, Zhiyuan Liu, Ruobing Xie, Maosong Sun, Fen Lin, Leyu Lin.
Incorporating Chinese Characters of Words for Lexical Sememe Prediction. ACL 2018.
Xiangkai Zeng, Cheng Yang, Cunchao Tu, Zhiyuan Liu, Maosong Sun. Chinese LIWC

Lexicon Expansion via Hierarchical Classification of Word Embeddings with Sememe
Attention. AAAI 2018.

Ruobing Xie, Xingchi Yuan, Zhiyuan Liu, Maosong Sun. Lexical Sememe Prediction via
Word Embeddings and Matrix Factorization. [JCAI 2017.

Yilin Niu, Ruobing Xie, Zhiyuan Liu, Maosong Sun. Improved Word Representation
Learning with Sememes. ACL 2017.


https://github.com/thunlp/SCPapers
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e TransEXFTEPEIL (head, relation, tail), JEHEH
E’Jrelatlon1’E7'JMhead 2ltail By F %R 1E

A
born in Mom

A :
ustin I h t
_child_of

Patt*

ane
Mlaml ]ohn*

B h+r=t
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WALL-E  _has _genre ?
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WALL-E  _has_genre Animation
Computer animation
Comedy film
Adventure film
Science Fiction
Fantasy

Stop motion

Satire

Drama

Connecting

39
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Entity Space Relation Space of r description of head description of tail

FREFRAZRENIART ZERIABTNMART  FELEEEE SRR
TransR (AAAI 2015) PTransE (EMNLP 2015) DKRL (AAAI 2016)

X Vi R Attributes
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Feature Vector

Context and Mention
Representation

Attention Vector

Word Vector (000 @00 (000 000 ©00 ©O00 (000 ./

...... Geraldine  Chaplin and Julie Christie . Concentrating on...... Entity Embedding in
Knowledge Base

Context Entity Mention Context

Ji Xin, Yankai Lin, Zhiyuan Liu, Maosong Sun. Improving Neural Fine-Grained Entity Typing with Knowledge Attention. The
32th AAAI Conference on Artificial Intelligence (AAAI 2018). 42
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Query Document
o . ' [ N-gram  Enriched-entity
i - unigrams 1 Ermbedaing Embedding | :
Con ew@on e |
| | |
i Obama : i @ @---@léh | if)sj'"i ®
| : i ! I Ll (|
| family (000) 2, || o o 4
| tree |\ g L IIIIIgIIIIiI .
| ; T T :
| Trigrams e 1 *l' ) - O Final
| | .
i :*' L L IL 209 ' Kemel Rggg',r;g
l Obama ) : i o000 ~, 000 M, Pooling :
| |
Attention i Description > @ 17::’" : l L0 L LI JK : :
' Type J i i : ®
| Enriched-entity i - [oleole XX |
' Family Tree ~ Embedding P : ‘
| Famiy - 000 ¥ 0ee o
N Descripion - (@@@®) | |€|€|@ o0 e | :
Type R | ®
_____________ . Interaction Matrix Soft Match Feature
M (M)

Zhenghao Liu, Chenyan Xiong, Maosong Sun, and Zhiyuan Liu. Entity-Duet Neural Ranking: Understanding
the Role of Knowledge Graph Semantics in Neural Information Retrieval. ACL 2018. 43
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2001
2008
2013
2013
2014
2015
2015
2018
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¢ Neural language models

¢ Multi-task learning

¢ Word embeddings

¢ Neural networks for NLP

¢ Sequence-to-sequence models
¢ Attention

¢ Memory-based networks

? Pretrained language models

Sebastian Ruder http://ruder.io/a-review-of-the-recent-history-of-nlp/
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o FEII| =B
— ELMo##136IINLP{E %
— GPTRIFTOTINLP{E S5 4E B2
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Rank Name Model URL Score
1 bigbird he Microsoft D365 Al & MSR Al 81.9
= 2 Jacob Devlin BERT: 24-layers, 1024-hidden, 16 (' 80.4

3 Jason Phang GPT on STILTs = 76.9
4  Alec Radford Singletask Pretrain Transformer [?;' 72.8
4+ 5 Samuel Bowman BiLSTM+ELMo+Attn = 70.5
6 GLUE Baselines BILSTM+ELMo+Attn 2 68.9

Leaderboard of GLUE benchmark (2019.1)
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" Chronicles:
Volume One

Songwriter Bob Dylan Writer

Bob Dylan wrote Blowin’ in the Wind in 1962, and wrote Chronicles: Volume One in 2004.
46



K-Encoder Mx

T-Encoder Nx

© KR BEENBMAESR

L=,
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Token Output
4

Entity Output

Aggregator

5 AT 273

_____

Token Output u

——————————

eéi) j Entity Output

Token Input

(a) Model Achitecture

ZNERE

Entity Input

Aggregator

———— — — g = am ——

Multi-Head Attention

Multi-Head Attention

4 A 4

A 4 A

Token Input [
b

SRTL R Y BLAR LA

N @) @) @) - @

ob

TENZZEXARImLE

© BRERLERNEAXAKFAMLEFS,

o FHERXAMLENTNER,

dylan wrote blow

()

1962

Bob Dylan wrote Blowin’ in the Wind in 1962

(b) Aggregator

FEMEZE
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« ANAK. HiRWEpEE, FAET—BERXXATSIEEA

EENFIRERMRES

TEER AV
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[egifl)j Entity Input

Bob Dylan Blowin’ in the Wind
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Zhengyan Zhang, Xu Han, Zhiyuan Liu, Xin Jiang, Maosong Sun,
Qun Liu. ERNIE: Enhanced Language Representation with
Informative Entities. ACL 2019.

Zhenghao Liu, Chenyan Xiong, Maosong Sun, Zhiyuan Liu. Entity-
Duet Neural Ranking: Understanding the Role of Knowledge
Graph Semantics in Neural Information Retrieval. ACL 2018.

Ji Xin, Yankai Lin, Zhiyuan Liu, Maosong Sun. Improving Neural
Fine-Grained Entity Typing with Knowledge Attention. AAAI
2018.

Hao Zhu, Ruobing Xie, Zhiyuan Liu, Maosong Sun. Iterative Entity
Alignment via Joint Knowledge Embeddings. IJCAI 2017.

Yankai Lin, Zhiyuan Liu, Maosong Sun. Knowledge
Representation Learning with Entities, Attributes and Relations.
IJCAI 2016.
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