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RS SN § = argmax P(y|x)
yeY

x: EEE5 P(ylx) ¥
=)

The movie is coming soon on cinemas. EE) @

= &

The movie IS the best |’ve ever seen!

This movie 1s rubbish!!!
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EHEESIMNS RIS ALy = argmax P(y|x)
yeym

(A73) In March 2005, the New York Times acquired About, Inc.

(maa) IN NNP CD DT NNP NNP NNP VBD NNP  NNP

(A])) O B-NP I-NP B-NP I-NP I-NP I-NP B-VP B-NP  B-NP
(BER) 2005 3HA, —a1—3—20 - 914 ALX [ Abouttt Z# B U = .

(x45&) I heard Google and Yahoo were among the other bidders.

BTV BNNILATETIL, REANEHEREG, (5 - 185
- BEBRE  mTHl, BIMETEDE, E—LERER, ..
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HESETI| HNS AMEIS: 9 = argmax P(y|x)

yeGen(x)
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N = m mBATT L. L
DNNEARIODF5Edmt: BRI DA
B-ORG EU NNP B-NP o
O rejects VBZ B-VP - EB5EBn-gram
B-MISC German JJ B-NP [ \\ e Guzan-gram
0 call NN  I-NP .;E;\?j )
0 to TO  B-VP — = n-gram
0 boycott VB  1-VP « AKXZF/\F—>
B-MISC British JJ B-NP . FHEIvWFREMICERLU
0 lamb NN 1-NP
0 0 N

w[-2]=EU w[-1]=rejects w[O]=German w[1]=call w[2]=to w[-2]|w[-
1]=EU|rejects w[-1]|w[O]=rejects|German w[O]]w[1]=German]call
wl1l]|w[2]=call]to pos[-2]=NNP pos[-1]=VBZ pos[0]=JJ pos[1]=NN
pos[2]=TO pos[-2]]|pos[-1]=NNP|VBZ pos[-1]]pos[0]=VvBZ]JJ

pos[O] |pos[1]=JJ|INN pos[1l]]|pos[2]=NN]JTO chk[-2]=B-NP chk[-1]=B-VP
chk[0]=B-NP chk[1]=1-NP chk|[2]=B-VP chk[-2]]chk[-1]=B-NP|B-VP
chk[-1] | chk[O0]=B-VP|B-NP chk[O0]|chk[1]=B-NP]1-NP chk[1]|chk[2]=1-
NP|B-VP 1u[-2]=True i1u[-1]=False 1u[0]=True iu[l]=False
1u[2]=False 1u[-2]|1u[-1]=True|False i1u[-1]]1u[O]=False]True
1ufO] J1u[1]=True|False 1u[l]]iu[2]=False|False
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DNNBEF DR

ﬁ%m”ttjl/ DX )L— (20125F)
» TS —3RMN10% L (ILSVRC 2012)
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SEUIR(CHITBD(DINNDFEIRRLE

- Neural Language Model (Bengio 03)
- SENNA (CNN'CNLP) (Collobert+ 08)

« Recursive Neural Network (Socher+ 11)

- Skip-gram & CBOW model (Mikolov+ 13)

- Encoder-decoder (Sutskever+ 14; Cho+ 14)
- Memory networks (Weston+ 14)

» Attention mechanism (Bahdanau+ 15)

DEERIR | DEERIEOSEK | 5 - 251t
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EHEEDDEERIA

(distributed representations)




PENERIR (Hinton+ 1986)

- BPZRIR (local representation)
- FMRIC 1 DOEER (5, —1— D/buw%ﬂoét

s #19023840334
JADZS
- ENERIE (distributed representation) <+---------- —a2—0O>om
. SMRIEBOFEERTRAIND HE/\T—2

 BHRERGESORSOTRICHESTS =T LR

wp R$¥3T5-

TRSw RN
00000 | @ 000 ]

http://ja.wikipedia.org/wiki/Et211L%%/\X http://saori223.web.fc2.com/
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Skip-gram with Negative Sampling (SGNS)

(Mikolov+ 2013)  zmigh = 2, &> FILEK = 1D5EEDH)

J1—/)VX  pubs offer draught Dbeer, cider, and wine
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- %7341 king — man + woman ~ queen

Country and Capital Vectors Projected by PCA

' " Chinas
Beijing
B Russia«
Japanx
i *Moscow
Turkey< Ankara Tokyo
i E& EEEPRNE UESE (SN
Polandk
- Germany<
Francex “Warsaw
»»Berlin
- Italy< Paris
Greece< » -=»Athens
L Spainx Rome
s *Madrid
~ Portugal Lisbon
| | | | | | |
-2 15 -1 -0.5 0 0.5 1 15

(Mikolov+ 2013)
SERWBCHITIEE_1—3)LRY hD—2T

(Mikolov+ 2013)
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NDEEFRIRDERK

(composition)




AP %ZDNNTETIUEULTZ0N

-BEFEEDODEERIROBRAMEMBS MRS T
/N =] ﬁﬁld)ﬁﬁiﬁfﬁ%‘:éﬁﬁ L7zu)
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Recursive Neural Network (RNN)
(Socher+ 2011)

NTNVERRTER Y5 (jsss)

movie

p=fwv)=g (W m)
W € RO¥24; R2d _, RADZEHHITHI Widxzd)
- g: EE(EEIEX (0¥°tanh) "Q""
very good
- XOAREIEICHE D THIRRIC =
R NV EETE
GlfET—5 7V, BREPIG 3
WETW RS oapas

- EHEEND NLBEIRICES Q00 Q00 Q00
very good movie
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Recurrent Neural Network (RNN)

(Sutskever+ 2011)

Output vector: vy, oCcO oCcO Q00
won B8 £ i3

Hidden vector | QX0 R | QOO
(memory) e 090 1S 18IS 1990

w (rh) w (hh)
e eSS 33 oo
000 OO0 OO0
4 A A

Input vector X¢ ocO Q00O oCcO
very good movie

BIEZE hy = o(Wx, + WD R, + by,)
B3y, = a(WOMh, + b))
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Long Short-Term Memory (LSTM)
(Graves 2013) (B34t LT=E0D)

h¢ o0 o0 ‘ Co0 \
Output gate B
e | OO
¢, @CO e —.—goo \
Forget gate Forget gate
Input gate B
Xt @8O OO0 O@0
very good movie

- BT — MIVRODEENZIBDS (RNT NLOEZRT EDIR)
- BT — bDYRTINE =% AHx,, B8 _1, LTI 7R ETHIETD
- RUVRIITOREFCIRIFDORBCEKRZET — M CTHLET D (- REMKFORT)
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Graves (2013)
Input gate: iy = o(W®x, + WDh,_ + WD¢, ; + b;)
Forget gate: f; = o(WDx, + WD Ry + W,y + bf)
Cell: c; = Ocig +i O tanh(W(xC)xt +WhIp, . + bc)
Output gate: 0, = a(W*x, + WHp,_ + W), + b,)
Hidden variable: h; = o; © tanh(c;)
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Convolutional Neural Network (CNN)

(Kim 14)
BHAHEE 2

It (3\7“/&) _ \\? _U/j 5 C 7=
IS T |
a

very e ——

good w7

movie
MBI~ L I E D5 E=E Y= i
Xt pt C

 PRIARD NV xppys = % D@ Xpy1 B - D Xpp5-1
 BSRIB OISR p, = (W - Xppes + b)

HHHE (maxT—U2Y):c= max  p,
1<t<T—5+1
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Stanford Sentiment Treebank socher+ 2013)

T T~ @ DL E 1 —1—/ (X
(Pang+ 2005) X%
Stanford Parserft&i&f%
_ © U, 8 — RIS
This film (- = 0. + ++) ZE3A
D)7 ) TF—IFTHRE

does n't care

sTMAR & 7 9 EBEEE
SIEXRR, BE - A&
TERIB(C K DB IEZ
RS EZBRNELT
fEsnizd—)(X

cleverness other kind intelligent humor
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Stanford Sentiment Treebank CO4EEE

Method Fine-grained  Binary
RAE (Socher et al., 2013) 43.2 82.4
MV-RNN (Socher et al., 2013) 44 .4 82.9
RNTN (Socher et al., 2013) 45.7 85.4
DCNN (Blunsom et al., 2014) 48.5 86.8
Paragraph-Vec (Le and Mikolov, 2014) 48.7 87.8
CNN-non-static (Kim, 2014) 48.0 87.2
CNN-multichannel (Kim, 2014) 47.4 88.1
DRNN (Irsoy and Cardie, 2014) 49 8 86.6
LSTM 46.4 (1.1) 84.9 (0.6)
Bidirectional LSTM 49.1 (1.0) 87.5 (0.5)
2-layer LSTM 46.0 (1.3) 86.3 (0.6)
2-layer Bidirectional LSTM 48.5 (1.0) 87.2 (1.0)
Dependency Tree-LSTM 484 (0.4) 85.7 (0.4)
Constituency Tree-LSTM

—randomly initialized vectors 43.9 (0.6) 82.0 (0.5)

— Glove vectors, fixed 497 (0.4) 87.5 (0.8)

— Glove vectors, tuned 51.0 (0.5) 88.0 (0.3)

Tai+ (2015)
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51 - B51k
(Encoder-decoder models)
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DERFRIENS X LN TS DN ?

- HENSBPXODEKRIRZEM TED
- AP DDENRIRN S EFRY | =D HEDN ?

M~ 3

- 7551t - =1L (encoder-decoder) )L
- BZBNTEXDARTZNRT ML TRIRL, Xedthdd
- EBERAIMNSEEINZTFHITESD
- DNNDIGHMNE S(CILHND
- HEAEER (Sutskever+ 14, Cho+ 14, Luong+ 15)
« XWEESAERK (Vinyals+ 15)
- BEIEHY (Rush+ 15)
- BSRERBASC AR (Vinyals+ 14)
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Sequence-to-sequence (Sutskever+ 14)

N ETCTE ;KW - BRE -, T - <EOS>

AT DEIR V, i | : |
T ML : ‘l}. ::. :‘4. 89| . O“‘}
he O8O —— 080 — O8O |=O‘O||E=OOO —[ceo}—{Cceo —{ceo
x¢ | O8O @0 @0 @O | ' O8O i oe0 | + O8O | O8O
very good movie <EOS> * &ETH b KUY e BRE > 2

K25 (x,) MSHERFREE (v,) NOHEIEROH

hy = oWy, + Wp, )
oy = WOMh, (y (FEAEFBDRX AT DT ~LERIR)
- HWAOEBZTADAIICR I LT, BRRERZZE

EPRICIEZRNNT (F72 < 2- Iayer LSTMZFHU\D
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XTERDEERK (Vinyals+ 15)

- FBE5 —4: OpenSubtitles
- IREDOFEM S UTZXEE ($9620053)
- Sequence-to-sequence CHERL L 7=45!

Human: /ello ! Machine: i 'm out in the boonies.
Machine: hello ! Human: are you a man or a woman ?
Human: /ow are you ? Machine: i 'm a woman .

Machine: i 'm good . Human: why are we here ?

Human: what ’s your name ? Machine: i 'm nof sure .

Machine: i 'm julia . Human: okay, bye !

Human: when were you born ? Machine: bye.

Machine: july 20th . Human: see you later .

Human: what year were you born ?  Machine: bye .
Machine: /977.
Human: where are you from ?

2016-06-09 SEECHITDIRE 21—y hJ—0



Attention mechanism
(Bahdanau+ 15, Luong+, 15)

o |&

b‘d)Eié’#atg 3R, ANEBFEDNRT N Lh,DEHHTEFH

ERDNT ML TXDERZT> 11— R DICIERANDD
- fUBEtDEFEZEMITDESC, ATDDEDEEICEHIASE

RN, BAVWTEAEEZERT 3
ECH &£0N
cee| [Cee
C: [O@O
a:(s)
OO0
® O » O@0 O8O0 » O8O0 » O@0
@0 @0 OO0 @0 @0
very good movie <EOS> ETCHE

hy = tanh(W,[c; he])

Ct = Z ar(s)hg

S

exp score(hy, hy)

a,(s) = ——
t(5) Y. exp score(hy, hg,)

h, score(hy, hg) = h; - h

2016-06-09
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B/ \ Y > DEKERY (Takase+ 2016)

Parameter update Pattern vector computed by Gated Additive Composition (GAC) Parameter update by
: : Skip-gram model

by Skip-gram model

Xs+T Xs+T+1

Xs-2 Xs-1 T T
(context vectors) Xs XS+%word vectors))( s+2 XSH(-é:)L (context vectors)
passive smoking : increases the risk of lung cancer
Ws-2 Ws1 i Ws Ws+1 Ws+2 Ws+T-1 = We+T Ws+T+1

: .. . O “) ©®)
5=2 A T=4 A §=2
Context window Relation pattern Context window

- RIRBEFRIXAED 1Bkl 2RI SFREFEODHERREZ,
BEFEEDDRERIIN S G T DFEZIRE
- BMRODEERIROFHE T — 5 2Rk - 235

SRR (CHITDIRBEZ1—IILRY hJ—D
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NI D ENERIR(C K D5cfA%F (Kobayashi+ 2016)

Once X1 was the U.S. president. X1 faced criticism for affairs.

— — — H — ——> — ———>

<4 — —

<

| —1

—_—
l X10DZRE1 Max-pooling(Z KB #HRML Xl_O)?fziEZ
Later %1 was di i e wife X2. A ELSTMTXDANT
) NlLETIT>I— R (5kEE

B L ERRDEEDNT ML
. ¥ B g SontanTanil &’aLTHLS)
— r=< N -
X1DFEH3 XXDERL || 75~ = 5> TXDRELD
B[: [?] was the wife of the ident. SHRDAT ML 2iia
v T
[ H Y ) —> X10D3EIH X20D3R1IR
; - PAEDAE VNS ERRS J
[P1DFIR |« IBLDICETIUL
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(D)INNZ R\ = ZDMMDIAZE
- FESERT DTS DD EIRIZOFE (Komatsu+, 15)

- Dependency-based Compositional Semantics &/l

ERERE (CED KBRS (Tian+, 16)
- CNNI(C KDY 1 — bDOEEIIFE (Igarashi+, 16)
- Wikipediase EDREKR DT T UMHEE (Suzuki+,
submitted)

BRI OYIAREIDR4RIAL (Muraoka+,
submitted)
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- 20135 EHFEEDO D EERIR

- 20114 #BRKIE (CE D < B DD EERIR
- 2014%-: FF51L - ES{LETIL

- 2015%-: 75> 3> « XHZX

- 20164%-; ?

- SEDNNTHIDEHTEWEBEDTWNWDT—Y
- XIRDEFTY >0 EZDIGHE
- DENERIR (C K DA DFRIR & s
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Z=2Z XA (1/2)

« Bahdanau, D, Cho, K., and Bengio, Y.: Neural Machine Translation by Jointly Learning to Align and Translate, in ICLR
(2015)

- Bengio, Y., Ducharme, R,, Vincent, P, and Janvin, C.: A Neural Probabilistic Language Model, Journal of Machine Learning
Research, Vol. 3, pp. 1137-1155 (2003)

« Cho, K., Merrienboer, van B., Gulcehre, C.,, Bahdanau, D., Bougares, F., Schwenk, H., and Bengio, Y.: Learning Phrase
Representations using RNN Encoder—Decoder for Statistical Machine Translation, in Proc. of EMNLP, pp. 1724-1734
(2014)

- Collobert, R. and Weston, J.: A Unified Architecture for Natural Language Processing: Deep Neural Networks with
Multitask Learning, in Proc of ICML, pp. 160-167 (2008)

- Graves, A.: Generating Sequences With Recurrent Neural Networks, CoRR, Vol. abs/1308.0850, (2013)
« Hinton, G., McClelland, J., and Rumelhart, D.: Distributed representations, in Rumelhart, D. E., McClelland, J. L., and

Group, P. R. eds., Parallel distributed processing: Explorations in the microstructure of cognition, Vol. I, chapter 3, pp.
77-109, MIT Press, Cambridge, MA (1986)

- Igarashi, Y., Komatsu, H., Kobayashi, S., Okazaki, N., Inui, K.: Feature-based Model versus Convolutional Neural Network
for Stance Detection, in Proc. of SemEval (2016)Kim, Y.: Convolutional Neural Networks for Sentence Classification, in
Proc. of EMNLP, pp. 1746-1751 (2014)

« Kobayashi, K., Tian, R., Okazaki, N., Inui, K.: Dynamic Entity Representation with Max-pooling Improves Machine Reading,
in Proc. of NAACL (2016)

« Komatsu, H., Tian, R., Okazaki, N., Inui, K.: Reducing Lexical features in Parsing by Word Embeddings. in Proc. of PACLIC,
pp.106-113 (2015)

« Luong, M.-T,, Pham, H., Manning, C. D.: Effective Approaches to Attention-based Neural Machine Translation, in Proc. of
EMNLP, pp. 1412-1421 (2015)
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+ Mikolov, T, Sutskever, L, Chen, K., Corrado, G. S., and Dean, J.: Distributed Representations ofWords and Phrases and
their Compositionality, in Proc. of NIPS, pp. 3111-3119 (2013)

+ Rush, A. M., Chopra, S., Weston, J.: A Neural Attention Model for Sentence Summarization
« ,in Proc. of EMNLP, pp. 379-389 (2015)

- Socher, R, Pennington, J., Huang, E. H., Ng, A. Y., and Manning, C. D.: Semi-Supervised Recursive Autoencoders for
Predicting Sentiment Distributions, in Proc. of EMNLP, pp. 151-161 (2011)

- Socher, R, Perelygin, A., Wu, J.,, Chuang, J,, Manning, C. D., Ng, A., and Potts, C.: Recursive Deep Models for Semantic
Compositionality Over a Sentiment Treebank, in Proc. of EMNLP, pp. 1631-1642 (2013)

« Sutskever, I, Martens, J.,, and Hinton, G.: Generating Text with Recurrent Neural Networks, in Proc. of ICML, pp. 1017-
1024 (2011)

- Sutskever, L, Vinyals, O., and Le, Q. V.: Sequence to Sequence Learning with Neural Networks, in Proc. of NIPS, pp.
3104-3112 (2014)

- Tai, K. S., Socher, R,, and Manning, C. D.: Improved Semantic Representations From Tree-Structured Long Short-Term
Memory Networks, in Proc. of ACL-IJCNLP, pp. 1556-1566 (2015)

- Takase, S., Okazaki, N., Inui, K.: Composing Distributed Representations of Relational Patterns, in Proc. of ACL (2016)

 Tian, R, Okazaki, N., Inui, K.: Learning Semantically and Additively Compositional Distributional Representations, in
Proc. of ACL (2016)

- Vinyals, O, Le, Q. V., A Neural Conversational Model, in Proc. of ICML Deep Learning Workshop, (2015)

- Vinyals, O, Toshev, A, Bengio, S., and Erhan, D.: Show and tell: A neural image caption generator, in Proc. of CVPR
(2015)

- Weston, J,, Chopra, S., Bordes, A.: Memory Networks, in Proc. of ICLR, (2015)
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