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Distributional semantic representation
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distributional hypothes|s words that are used and occur in the same contexts tend to

purport similar meanings
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Word2Vec [Mikolov+ 2013]
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RNN (Recurrent Neural Network)
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RNNSEEETIL

RNN based Language Model

RNN RNNEZEETIL



BILSTMIZ KA X N ERIRIA

Semantic Representation of Sentence by BiLSTM
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BiLSTMIZ LKA X D EKFEIF

Semantic Representation of Sentence by BiLSTM

X DEEIR (e.g. BE-BIE-HIL or MEEITADIES)
Interpretation of sentence
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| softmax |
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BiLSTMIZ K 548 S E&EHT

Parsing by BiLSTM
chased - dog DFRYZITOEZERD7

score for “chased - dog” dependency
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BILSTM+

the brown fox chased a lazy dog
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Neural Machine Translation Model
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encoder

[Sutskever+ 2014]

decoder
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Neural Machine Translation Mode| [Bahdanau+2015]
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End-to-End &

End-to-End Learning

Output

student

attention
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End-to-End &

o End-to-End Learning
AR ER

Machine Translation

A battle to ask Prime Minister Shinzo =g =
Abe's five-year administration started. gf‘ﬁ nﬂi‘-_l- nﬁ

He emphasized the achievements of ... Chatbot
CEIF5MULNNTT 1
A\ TEEH FORAEEININTT
Summarization
TIEEE. BHESE D EfE2 5 ﬁ

G S HIXEETARMEIE !
ZIET = HDOSER D BIEE
BEEESEOAIEE o=, BIF
ROEFZHRFL. . . .
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End-to-End &

End-to-End Learning

XEFHaAAER

Weather Forecast Generation

SHIZENLNY.,. ZTHRDAE
BEMENHYET  TYUT=F-HEN
HAEZID

ET74 9y TERBANXER

Video Description Generation

A woman is cooking in the kitchen.

{}
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*1 ¥ £, B B BIEFHRIVITHOORI[TFHRIAVDBBER, SELEFR F23EFRAE (2017.3) 15

*2 Laokulrat+: Generating Video Description using Sequence-to-sequence Model with Temporal Attention, COLING2016



Deep Learning

Pros

- BRI

semantic representation

— End\to-£nd learning
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Approach

N
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Parsing Knowledge

"\‘,;C‘ém .I::.¢EE

T Logic / Inference
Anaphora Resolution
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Morphological Analysis using RNN Language Model
[Morita+ EMNLP2015]

sAEASEUE

English Spanish Japanese Detectlanguage -~ ".. English Spanish Arabic ~

N

A

FASHIE *  Foreign carrot regime

USEDIY. 0o < ’

https://translate.google.co.jp/
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RNNEZBETI)LIZE DR 2T

Morphological Analysis using RNN Language Model
[Morita+ EMNLP2015]

SNEAS E

O4S == BES SSERMTs - «, == Ois 2EE -
SMNELAZIEGE * Foreign baclick administration
M B - 7/5000 0o < 4

https://translate.google.co.jp/
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Morphological Analysis using RNN Language Model

[Morita+ EMNLP2015]
f |

D

A Z W ¥ porELABE)
. B _
9* S gmﬁson P-000q8 suffrage 0.909 right =0.761 x 107
foreign 0. Z= . p(5E, A B, BHE)
° érro//t 0.0021 gggiﬂ;n%e =0.252x10°
| Segmentation | _Seg+POS | Speed sent/seq
JUMAN 98.80 97.75 8,800
JUMAN++v1 99.37 98.95 16
JUMAN++v2 99.52 99.21 4,800
Mecab 99.32 98.85 53,000
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BiLSTM based Japanese Dependency Parsing

Kyoto University Text Corpus (40K sen)

BiLSTM
model

96 Joint learning of
word/POS/de
NN /POS/dep

95 language model
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Vector-based DCS [Tian+ ACL 2016]

Dependency-based Compositional Semantics  Distributed representations of DCS
Composes meanings from denotations of words

Liang+ 2013 -
(Hang 2013) D3 := sell N Dy N7goyp(TarG(D2))
A man sells banned drugs. A man sells banned drugs.
SUBJS€1 -(|ZOMP
ARG/\ ARG
man drug
ARG
COMP
ban
d denotati f i
rug “zzz;;o;;gsn D9 :=drug ﬂ MARG(TCOMp(ban))

Aspirin alcohol
Thalidomide N Thaf:domzde Thalidomide "01 [O O] {O O]
intersection /JI.' ) oo ollee
COMP
ban projection
SUEBJ COMP

government|alcohol
Canada Thalidomide
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RNOMLRBZBAWNV-EEMNEKR SR

[Tian+ ACL 2016]

Vector-based DCS

“those who arrested

REEE

nearest neighbors

0.91 police

0.88 noble
0.87 ma
0.86 su

“those who were arrested”
X
\ P$6 a‘(e‘*’

8]+8

nearest neighbors

0.99 prisoner

&:

0.98 noble
0.97 policeman
0.96 chen

bag-of-words

“those

0(@"‘

88

nearest neighbors

0.75 those
0.75 arrested
0.75 jailed

0.73 detained

Achieved SOTA w/o tuning in various benchmark tests
relation classification

phrase similarity estimation

arrested”

sentence completion

AN NN VO
vecDCS 0.51 0.49 0.41
-no matrix 0.52 0.46 042
-no inverse 0.47 0.43 0.38
vecUD 0.44 0.46 R
GloVe 0.41 0.47 0.41
Grefenstette and Sadrzadeh (2011) - - -
Blacoe and Lapata (2012):RAE 0.31 0.30 0.28
Grefenstette (2013a) - - -
Paperno et al. (2014) - - -
Hashimoto et al. (2014):Waddp, 0.48 0.40 0.39

Kartsaklis and Sadrzadeh (2014)

vecDCS s8l.2
-no matrix 69.2

[ -no inverse 79.7
vecUD 69.2
GloVe 74.1
Socher et al. (2012) 79.1
+3 features 82.4
dos Santos et al. (2015) 84.1
Xu et al. (2015) 85.6

vec 50
-no matrix 60 ]
-no inverse 46

vecUD 31

N-gram (Various) 39-41

Zweig et al. (2012) 52

Mnih and Teh (2012) 55

Gubbins and Vlachos (2013) 5|, 50

Mikolov et al. (2013a) 55




RIHR & ERELEHEOMA

Combining Logical Inference and Textual Similarity

® SEMZRERM RTE): TEHLIEHEWADH?
Recognizing Textual Entailment (RTE): Does T entail H ?
T: There was no man sawing logs in the yard.

— I x T e (man(x) & saw(e) & past(e) & subjle, x) & obj(e,logs) & in(e, yard))

RUNERRARAT + aw IR HE AR

Deep Parsing + Logical Inference

H: Each worker wasn’t cutting wood in the garden.
V x(worker(x) — = e (cut(e) & past(e) & subj(e,x) & obj(e, wood) & in(e, garden))

& XDEKRMLUEFE: TIEHEEKRMIZELLTLNS,?

Semantic Textual Similarity (STS): How similar T and H are?
Y=+ HBEDNY
T: There was no man sawing logs in the yard MLz
Thesaurus + Vector
/ \ \ \ representations for words

H: Each worker wasn’t cutting wood in the garden

25



RTE Experiments (SICK dataset)

Accuracy + Semantic

89

88

87

86

85

84

83

82

81 -

80 -

79 -

78

Textual Similarity

New CCG B + Visual
B parser ~ denotation /
ccg2lambda (depccg) /

(CCG + HOL)

Nutcracker ccg2lambda c2l + depccg c2| + visual c2l + Similarity
(CCG + FOL) (CCG + HOL) Yoshikawa+ ACL2017 denotation Yanaka+ EMNLP2017
Martinez-Goméz+ Han+ EMNLP2017
EACL2017
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Application of NLP to Real World Tasks



Complaint Purchase Center

Complaints about Hamburger Shops
NIN—H—ITELLWTE,

hamburger tasty
Y—ANETET. ADFEYLRBTEND,
sauce much mouth mouth always dirty

Y—RZBTETEARILLY,

sauce too much hard to eat

TN XY —RETAR—AMNEZTET

teriyaki sauce mayo too much

BARIZVOHI B!

hard to eat very discontent
Y—ANBENTRRIZEYBEFTE=LVELY,
sauce drool last left too much wasteful

AiERORREIFEEFE X, Lo ERNET,

Sunday  daytime smoking area unnecessary

JERZNIRWN, BERETHTE,

shop tobacco stink smoking area too big

W=

(FmERtE2—)
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Complaint Purchase Center

0 Insight Tech

__4

Complaints about Hamburger Shops
NIN—H—ITELLWTE,

P?fﬁﬁ@f\ tasty

Y—2ZAMNZTEC. ONOFYNKLTIENS,

sau uch mouth mouth always dirty

Y—2%TETEARIZ,

sauce too much

F e LR ETAR—IMETET

teriyaki sauce mayo too much

ﬁ&‘l:«\@hf#ﬁ%ﬁﬁ!

hard to t
Y—AMBENTRRIZEYBEE THo=0VELY,
sauce drool last uch wasteful

BEEE QRS ITE2EE L. S NERNVET,

Sunday  daytime smoking,a-re-a\ unnecessary
[

JERZNIARWN, BEFETHTE,

shop tobacco stink smoking area too big

==
I

(RmERtE2—)
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Causality Graph

query: FEsnss depth: 1 edge: 20

FRIHH D + FRIMNAE T4

require a lot of trouble save the trouble

A Z < BRI E DEREICS LD T

h]

4 ?7? FRAHHD[3]
" HES & FENEIT Do [1]

use *ﬂ'ﬂ@lﬁ%‘:%Fﬁﬁb‘ﬁ\b\éo [-I‘]
d #%7%£§§??&fﬁﬁﬁ&ﬁfﬂ]

sHTE (C SHhing,
¢ VYA VIS BELWVWIRVLDT %}Ej‘%@ﬁaﬁjﬁug:ﬁ%]@—@\ (1]
_ FrED DD

-l C@ﬁﬁgﬁgﬁgjfiﬁo
g

LYYV TROBREZEPLWVWTRWLWDT
1 where?
3 TEXhH DD T,
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g

Py —
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% F%EI 1/% 7\‘37Causality Graph

handling synonym/acronym;, phrasal similarity, zero anaphora

w/ TEBII R - REFIE ., BNDBLUET T, AIRAETT

(=)

.

e .
. .
--------------------

id  have to put out packs for recycling
LU TROEELVTELDT

qug =’.:‘_!‘T‘f—7:/|:9?tzﬁ_i¥)é®'&‘\
_ theré are seeds in green peppers
1
] Y>TESIDT
z Y ZADNTHENDT - e ; .
AN ~ ~ TR VY I
2 BB ERAEYREILDT Loquire a lot of trouble S i

bocHBIRERNIE . save the trouble
FRNETS,
KO FEHOHEIS CEZET > TS THEA BT FLI

AVEZDHSEFEFUDESIRANLEEFDOER—/

EID:23 AV IRTERFRL  ANXFMNXFEXRNC  mEe—EHW  44F14E
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FAQs on Local Gov Sites

E XD xtEE?

Chatbot for Administrative Service

XEET7O—Fv—h AR

Dialogue Flowchart

© BAkZROMLAIZOWTHD 1o,

No.13341

J EE

HAATHoRBEEETT.
&g E At b oi30embl b,
KITHTT.

i EEE2 v EDE50embl EAH

AAZHDOHL AR, kOB TT.
1 EHARETS

2 HAZANMEEWRATS
et PP

4,

1 PERARET S

HTHAZAD - RREVEIZENTHOEHLARFE L,

ERLAAOREI, MEFHEE, O, ZNFSERACLLE
T Eh, WUEOoREZTVE.
EEzveoBRINEAR30W (12ZA31H~1A30, £, OMAE%

Brd) FTREHLAACEZ ., HALMS WS, REDINE
Hich 2 BEWH 0 T07, BEDCEHRHLBAA{FI L,

2 HAZHMEBEEMAT L

HAZAUEFHERRES A EICE D, 200/,
Radtmnh 1.
HIAADBICHEE L 2afao TNETEAS 208, 2MALT
(&,

TEAC AN THE QMO R (b EE) LS R
E) o RAEFRBREEEFCEESH e GhE (a0,

(RO ERRE R THEoME s - A2 TR (£
Wi, ) 8

500, 1,000/ @3

&

i A
Aoy LA A7, THOETE (995 £ 87)

o

HATHOHBELAIKDWTHED 2,

ERSHDHELAICOVWTED =W, 1 D0

THEEALEY

HAXSHDNERXERTT,
EESTE0E0ecmblE. EEEXSEHVE
Z50cmBl EA K HTY,

EnhMEEfWTTH

1 NRPAHET D

2 HRCHABHEEWMATS

BN HUER

WX T L

(Collaborating with LINE Corporation)

SLor Tglbiniabiss o
Flexible Match with User’s Query
B&5E (£ 7T = FifE i,
ynomm Y = 3BT

BB A EENIEIA
Named Entity it"AJ S Bﬁﬁéj—_l/rl_\
H—E X[ZDWWTEIY =Ly
BT EBFEEAEHLZL
Intension 97_}1/%1: L—Cb\ij—

-

3 NERICHERCHLBL—ILEB>THT
INEHAHET B

2 BARCHUAESFEZEBAT D

“4

INERAHETBICDODVWTHEZLET
HeHAKCHO—BRVWEZZEH > THhEHABEL
AHLEE L,

SEFVoERINER D3R (128318~1H3
H. . HEB%Z®R<) £TICEBLAHLLES

2 AXCHNEBSEBATICOVWTEBEALET
HAcHLBEFERIZRZREICED, 200, 500
M. 1,000HD3XahB b £,
HAADBRICRIELESELO NBHEX S HLE
#2) BMALTLEZ N,

"Sagpgunt

o MEACHILRFERORRONH (REHPEER
EABNEVEAE, ROOREHICAZBANS | WEEEY) | REOERAEEFRCEESMIADE
NETODT, REDITHKHLAALLEZ W, 2z

to W& | em | um Johe | mm | owm
.'., ®

L .
Ya, e®
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Chatbot for Administrative Service (Collaborating with LINE Corporation)

Chatbot [Z & & %555

Chatbot System

XEE7A—Fv—hAERL

@ FRHEARY b

Dialogue Flowchart

HAT=ZH UL

HXTHADHLAICDWTHEID W,

MEATHOE LA CDVWTHIDZL. | EDOVWTHE
A SHOE LAICDWTED WL, § 20

THELLET ALFET
AR HDONEFERTT, X HDOPEFBERTT,
EEEECHOEI0cmELE, EFEEXLZND EEAZSVHDE30cmB L. 2BEESFRNVEDE
@l&SOcmb{J:ﬁ‘%ﬂI HTY, * X —_ -
ety S0cmbLEAMBAT #TF .
1 IREHRAHRET D HAACHOHLAIL, ROEODTY,
2 BACHMUBSEMATS 1 INEBRAHET S
3 NERICHEATHLEY—)LE->THT 2 *’H?’Cf&}ﬂ&@#’&ﬁ)\@'é
‘ 3 R (AT HPIBS — LR > THT
mx | em | B —_— ENDEENTIH
1 REEAHRET 3 2 EXRCHLEEEBATS
1 NEHRAHETBICOVWTHEZILET 2 HARCHILBHEMATICOVWTIHEILET .
HEBACHO—BENE 2350 THSBEL | HEACHUBFERERESASICED, 200M. 500 IREEHRIAS
AHLIFEE W, M. 1,000B®3R 455D =7,
BEZVOHEBIINESO3E (128318~183 | | HAHOBCRALLSESD [IEHEA S HLE . ~ m
B, +. BEA%E%<) FTiEBELARLLES ) EBMALTEEL, [1NERAHZE I D] [CDVTHEEALEYT
Ve NEA S HLEFEROFEOHRE (BEBHPEER Y AL S HO—BEENE =3 E->THEEHUIRS
BABDENESE. RODORERCAZESNS | BEERY) | REEBEEEEFCEERHVELEL <=0
DETOT, BEDIEHRLAHLEE W, EEw, a":.‘E; ﬁ” (. TR, ED. SHESEE
e e Mg me & M Lk Dbzl FEE H. ZH&ES

ALZULET.

e, NEBOBERZITVET .
HEEVOIERITERDIBRIE TICHBRLIAHLZ
=L,

HIAANRZNES(E, AODNER(CLBIESHE

IDT, bENJls_Ebﬁﬁ URRAHLTEE L,

L
) I
Lo

S
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FAQ mining (inui G)

Comparative analysis of FAQs on local gov sites

City A

City B City C

[Question] REDHEARSHEHLI-L\DTT A,
ESTNIEELDTLESN?

[Questio] e XCHEE. CHEEFRICHYE
BOWISHIFEDLSITUL ST RIEINTT M ?

[Question] X HZERETHLOTT A, E5L
=BL\NTTHY,

[Answer] &t 42—~ B THELIAA T [Answer] CHEEFRICHE AN AT, E
=<{H. mIZLBEKRT FEFTHAN BERtEVA—ITIRA T OO XIEH TEFRILE:
f=1=2Xhy, — AR BE YIRS E R EF |l LT —— #%‘I:%ﬁ«t}&fﬂ)i‘é‘o
BEEELTEEN, e —\

[Answer] 8K #HZEBTEHHEL. RICIEEK
T DAEE. BRI A—ITHEAHET

)

TREEEEHRE TSRS,

AR I -ITRLACEANDEIEER
ZfB. . A~€EB (FR)FFXBAE1HER
(ERFIRERO
ZATEFRE.. FRTORF ~ A1 1183057, F#& 15
~F %3305

Identity common
(important) information

Extract NE variants and
paraphrases

ERNC. BETHEZRLTHOMAL TS, 104
O S LULEDEDIZRLT, 10F05 S LICDE
100D FHHANINMNET,

[Question] NI IFECTEZFTH, [Question] 8K # B DERFEEIL ?

Detect

[Answer] 38K #BHDRFEEE TR
VOTIRERWEHET, 67 BHLAAEF
IZHEATHEEEEHRELTHLARIAH0IE

[Answer]y)—2 o 4— FOFELTOEVE—,
IREEBUKR - ATREXT SRER . h RERE HARAT. 2 REE.
—EHOBEILSEE. REOREEICTRTELTOET .

l HFEBAL TS




RTE for Question Answering

(Bekki G)

ccg2lambda

https://github.com/mynlp/ccg2lambda

ITELTF AR Local gov. texts

ERZELLDIEF30cmU L. £F
i?‘;b\%@(iwcmutb“q

Any piece of garbage not containing me
over 50cm in size is categorized as overs

. CCGICKDHHREE - B RRAEHT

BEERREADIVELYT
Semantic
Plasti e e

B [ 3 Question sentenceq
A0 FEBENNDTISIRAFVIDEI;

[FHEREATIMN?
Is a plastic drawer of about 40cm in size
categorized as oversized garbage?

parsing, Mapping to Formulas

=SEREOBKRERI (HOL representation)
(SR1) contain(x,metal) & (size(x) = 30cm) — oversized_g(x)
(SR2) contain(x,metal) & (size(x) < 30cm) — ~oversized_g(x)
(SR3) -contain(x,metal) & (size(x) = 50cm) — oversized_g(x)
(SR4) -~contain(x,metal) & (size(x) < 50cm) — -oversized_g(x)

(KB) plastic(x) — —contain(x, metal)

I +
X BB

Logical Inference + Textual Similarity

[ELY (ves): ARCHTHS
(Ans—Pos) plastic(x) & drawer(x) &
(size(x) = 40cm) — oversized_g(x)
LMMVZ (no): KT H TIEARLY
(Ans—Neg) plastic(x) & drawer(x) &
(size(x) = 40cm) — -oversized_g(x)

Answer : NO
35




F & O

Summary

* PRHIEMRRBICEDSTFAMEHR DRI

Distributional semantic representation improves text analysis

— RS -1 DCHEMT

Morphological and dependency analysis

- BXZEEEL-AHELERHE

Syntax-sensitive phrase similarity estimation
- B E ERBELUEREDHKSE
Combination of logical inference and textual similarity
===H B
« ZFRENDIGH

Application to Real World Task

- BROERN

Opinion summarization

— TR —E RO ERVF AT L

Chatbot for administrative service of local gov
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