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LSTM
e Long Short-Term Memory (Hochreiter 1997)
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LSTMIC K SR (Graves 2014)

By the 1978 Russian [[Turkeyl|Turkist]] capital city ceased by farmers and the 1in
tention of navigation the ISBNs, all encoding [[Transylvania International Organ
isation for Transition BankinglAttiking others]] it i1s in the westernmost placed
lines. This type of missile calculation maintains all %reater proof was the [[
1990s]] as older adventures that never established a self-interested case. The n
ewcgmers were Prosecutors in child after the other weekend and capable function
used.

Holding may be typicallﬁ largely banned severish from sforked warhing tools and
behave laws, allowing the private jokes, even through missile IIC control, most
notably each, but no relatively larger success, 1s not being reprinted and withd
rawn into forty-ordered cast and distribution.
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e “Neural Word Embedding as Implicit Matrix
Factorization” (Levy&Goldberg, NIPS 2013)

e Word2vec. D F D Skip- -gram with negative
samplingld. BEENRZT ~NLw D (a) BIEDEE
cEANBENIEL (b) T VT LIREEC & IFI=ER L
ESICWEFEE 78]\

L
-
o
-
f—
Pt

C/

Research Organ of Informa

The Institute of Statlstlcal Mathematlcs Ji



B

AR

2 DIAHDIFRETETIL (2)

o &> TWord2vecDZEE L. XD EWEE# %=
PN ¢

Yynw % [loga(fu_f ¢)+ k- E. NpD[logO-(_w.c—;]]

w

o WT ;”fﬁz/\b—coe:zlb% LIXS<ETET % &

D

NERZHE LI 2FBIE T aHcT
u_}-(_:’:log( nw, ¢ ) _log k

n(w)n(c)

> HODME A5 = (Pointwise Mutual Information,

M) |
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HEEIEOHIAHDFETETIL (3)
e Word2vecld. PMID 1T ZITHIREETIEZ >V D

FERLTWB I ENah o1
C C
| = E) I
W = log 20 w -
p(w)p(c) "
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FFIF: CSTM (M 2013)

Cont|nUOUS—SpaCetop|Cmodel

2\ .-

2 w
1
HokCRLER " S AN

o HZEW|IARITTDBEEIE ¢(w) ~ N(0,1;) ZHD
o ZDLIT, HYRBR [~ GP(0,K) ZHRL
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CSTM: EXETIL

o HEEDEHINIBHERGEALHEERE) Go(w) e HIRX
1BF2 f(w) T Modulate

p(wld) oc ) Go(w) =

el (W Go(w)
> e W Go(w)
— ef(w) %, 8ooo1+7b\bo ooo11+< S WODIE

;fNGP(O K)
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Empirical Evidence
25000 A 10000 1
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15000 6000 1
10000 4000
5000 1 2000 1
0 - 0 -
-4 -2 0 2 4 9} -4 -2 0 2 4 o6 8 10
log(p(w|d) /p(w)) log(p(w|d) /p(w))
Brown1—/\ X Cranfield 3 —/\X

o pluld) x Vpu) = fw) xlog (BD) %
SErEcstaLc Oy T
— plwld) = n(w, d)) ¥,y n(w, d), pw) = n(w)/ ¥, n(w)
o EXMLIZIFIFGaussian T L TWLW B!
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o HUABENSHER L CEAEIINE I[CHERR X TT
> FENAIREE
e DILN (Paisley+ 2012) & [E#RIC. #HBIZEuZzEA
~ BEERDOTINZE © = (¢p(w1), -+, ¢0(wy)) &T5B
—u~NO,L)DEE, f=dul ztu%if—i NEELT
f|® ~ N(0, T ®) = N(0, K)

— ZhlE. BREA—FI k(w;, w;) = d(w;) ! o(w;) %
FEoGPEEMBR I EZEKRT S

~_ .
o a(w) = agGo(w)e" *ME LT, u & d(w) D BRI
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& (2)

o ;& DMetropolis-Hastings T, BEFEE& XE DB
FER
%P—‘-ﬁ_.l_.l
—Forj=1..J,

e for i = randperm(1 .. D),

— Draw u’ ~ N(u,0?) & MH-accept(u’); Update Z
e For w = randperm(1 .. W),

— Draw ¢’(w) ~ N(¢$p(w),0°%) & MH-accept(u’); Update Z,..Z,
ez ~ N(0,0%); ay’ = ag * exp(2)

— If MH-accept(a,’) then a,=a,’
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%

® === - \ \ —

N4

i SIZie
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CSTM in retrospective

o CSTM®D EEES

o BT B &

exp(f(w, d)) X

=k

=TIl (CoxEefll/\ Y — KETIL)
p(w|d) o< p(w) exp(f(w,d))
p(w|d)
p(w)
p(w,d)

f(w,d) < log

p(w)p(d)

—EB. f(w,d) =@ -d IFECHEAEBERES > |
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Random Walk in Discourse model

e Arora+ (TACL 2016) CT12M1&, Mnih&Hinton®
Log-linearSs&E €T /LAY ® &

1.0 |
0.5 -
0.0 -
05
-1.0

SR TCEBERE LT XA KL
c, N> DS VFTLTA—7
LTWBET D, DEZE,
HEwW N AN SMERE

exp(wy - ¢
p(wt|Ct) — (Zt t)

&9 5B
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RAND-Walk (Arora+ 201 6)

o Fif: ZOETILDTT, BERAVICIEWEEEF
R MNILHGEL I&HDT

10 - V-w
. PMI (v, w) =+ O(e)
0.0 -

0.5 HEENRY NLDOABHLPMIC KT IG!
10 PR ZISE A EH 2T XNTD
- BFRICOWTORT, XAREIC
0.5 HixgdlcH, BEEDILRRIE

g 10 DBDEE

0. - L
-1.0 _4 0.5 00 (E: Self-normalization)
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AiR: SXDIE A H (Arora+ 2017)

¢ 1DDXNDRTe,MN—ELEIRET NIE. £ D,
ZRKDINEIXDIE DA TR D D TIE?
> JTTETIL T, BEANY ML ZEITHEFITNIE
CDRILHEEEICTED
o [HidEH D
— “the’ P a” R EDNRT NILHEREBEINTUEXS
> HEDEHDITHE
- BHREWVWS KDCEPERIICKD /1 XIC5|ET
515 (f3: san francisco)

o EABEMIVP /A ABREICTIIEIULN?
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Improved Random walk model

o HEEIFSXARNRY Nle, & DmEUIANIC, HEERAT
SYTMCAZT S LRHENSHNEING

exp (W - ¢})

A4
oiwmﬁhwqi\ﬁﬁ&ﬁhw%t%
Ct C \an%
= Bco+ (1 —B)er, cole

el SOEMIBBEOHYT S & X

- RIEDAHR THR UEZE (“All-but-the-top”, ICLR
2018): CE5DAMNRVEMZ L TWSDTEEY

p(welc) = ap(we) + (1 — a)

N5t

2%)
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Estimation

o X s=wiws - wy I LT, X9 dczHEE U
1= LY

e RALEEZEZZID &,
log p(slc) = ) log {Ozp — )

WES

exp(w - ¢)

o DPZfwe)eH & TAT7—ERICKD

flw,c) = f(w,0)+ Vf(w,0)"c
(1 -a)/(az)
p(w) + (1 —a)/(aZ)

(c, W) + (constant)
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Estimation (2)
o Ko, 1ALVIC

argmax,. Zf (w, c) Z w, a= 104—Za

WES wEs

- COHEEIL. XDEENT MLDEATEH]

— Smoothed Inverse Frequency (SIF) weighting
o 3 |cl=1 DT, FOEEHICIE
max {c, g) + C = g/|g|

c:lel=

ZES>TWS
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word2vec & D E{%

o word2vec IE. IT{BEEEw

ICEEBI U TEA TS

® c__nc iEEL:E

%7’3\(/')'—(\:\% C

&S

o SIFEqW)IEFERICBITWS

Weight

1

0.2
o |=—word2vec weighting

our weighting (a=0.0001)

102

10°® 10
Word frequency

TSN E (T 1/v/p(w)
5 /& ¢(w) = min (1, 10_5)

p(w)

0
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Algorithm for sentence embedding

Algorithm 1 Sentence Embedding

Input: Word embeddings {vyw : w € V}, a set of sentences S, parameter a and estimated probabil-
ities {p(w) : w € V} of the words.

Output Sentence embeddings {v; : s € S}

: for all sentence s in S do

Vs <= |s| Zwes a+p(w) Yw

end for
Form a matrix X whose columns are {v, : s € S}, and let u be its first singular vector

for all sentence s in S do

Vg 4— Vg — U Vg

end for

o STEDE LT B EEIBEHIAMAIL. Stanfordd
GIoVeODSOO/ATE BOHIAATRE = {FEFE

o T IRBREFEDETILMSBEEIBHIAHZTKD D
C & :557 7] i Hb

AR S
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Experiments
e SemkEval textual similarity’? X 2

— IBZEHRNN, LSTM, SkipThoughtZF % 1k = =14 8E

— DANZEZ < (D=

= AXZ RN D +E

= WETEDWE

Results collected from (Wieting et al., 2016) except tfidf-GloVe Our approach
Supervised Su. Un. Se. Un. Se.
or not

Tasks PP PP DAN | RNN | iRNN | LSTM | LSTM ST avg- tfidf- avg- GloVe PSL
-proj. (no) (o.g.) GloVe GloVe PSL +WR +WR

STS 12 58.7 60.0 56.0 48.1 584 51.0 46.4 30.8 52.5 58.7 52.8 56.2 59.5
STS’13 55.8 56.8 542 447 56.7 45.2 41.5 24.8 423 52.1 46.4 56.6 61.8
STS’ 14 70.9 71.3 69.5 57.7 70.9 59.8 515 314 54.2 63.8 59.5 68.5 73.5
STS’15 75.8 74.8 72.7 572 75.6 63.9 56.0 31.0 52.7 60.6 60.0 71.7 76.3
SICK’ 14 71.6 71.6 70.7 61.2 71.2 63.9 59.0 49.8 65.9 69.4 66.4 72.2 72.9
Twitter’ 15 52.9 52.8 53.7 45.1 52.9 47.6 36.1 24.7 30.3 33.8 36.3 48.0 49.0

Table 1: Experimental results (Pearson’s  x 100) on textual similarity tasks. The highest score in
each row is in boldface. The methods can be supervised (denoted as Su.), semi-supervised (Se.),
or unsupervised (Un.). “GloVe+WR” stands for the sentence embeddings obtained by applying our
method to the GloVe word vectors; “PSL+WR™ is for PSL word vectors. See the main text for the
description of the methods.
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Pearson's coefficient

0.40
0.35 — PSL+WR -- PSL ]
— GloVe+WR -—- GloVe
— SN+WR -—- SN
030 " A s sl " At a a2 aal " M N P N N P
10°° 10* 1073 102 10! 10°

Weighting parameter a

ald10-3~104D [ LD

® p(w)%Z

(a)

I PSL+WR
0.7} I GloVe+WR |
I SN+WR

o
o

e
wn

Pearson's coefficient
o o
w >

S
[N]

o
=

o
)

enwiki poliblogs commoncrawl text8

(b)

TEtaE (BENTEED D D)

STEITSHZI—/I\RZZZTH, HERIZAEU
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,DEHE &R

o C,lEk-SVDTEMfF1F U e BERY NLITHID
E—EBEXRNI NILEULTKD S

o c,DITEDEIZ
just, when, even, one, up, little, way, there, while,
but
L XOENRBRRTTZ2 EH A TWS
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Downstream classification task

PP DAN RNN LSTM (no) LSTM (o.g.)  skip-thought Ours

similarity (SICK) 84.9 85.96  73.13 85.45 83.41 85.8 86.03
entailment (SICK) 83.1 84.5 76.4 83.2 82.0 - 84.6
sentiment (SST) 79.4 83.4 86.5 86.6 89.2 82.2

e similarity, entailment sentiment ¥ X7 DX X7 k

ILeEUT

L\ o5

—0.0.ld T — I\% D. noldZ L

e similarity & entailment T2 33

\ ]|
/45% ==

FENEMRFEZ

e sentiment CTlEEEFEFIEN S ERE

3 EZ FITER 2) REFEMREIC

(1) SIFIE"not”
ES I VRERY N
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2. lEXRET ) =,
HEET B.
HEXETILHINS O 70—F)

%Fa’
]
N
Iy
Rt
o
J
~
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FEEXE T )L+Loglinear

e DeNero+ (2010): 1 /1#EE% Loglinear|(c

P (Xi = d| X = ) =

e EMOMX 7 v 7 TL-BFGS

- Yo pexp(w,f(d, ¢, t))

Algorithm 1 Feature-enhanced EM

repeat
Compute expected counts e
repeat
Compute /(w, e)
Compute V/(w, e)
w < climb(w,/(w,e), V{(w,e))
until convergence
until convergence

> Eq. 2

> Eq. 3
> Eq. 4
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f

o NLPORIESY XU TERBE

Ve
SN

=7 )L+Loglinear (2)
2 (TaeliE—&R)

Model Inference | Reg Eval

POS Induction K Many-1
Basic-HMM EM — | 63.1(1.3)

»» Feature-MRF LBFGS 0.1 | 59.6 (6.9)

Z  Feature-HMM  EM 1.0 | 68.1(1.7)

LBFGS 1.0 | 75.5 (1.1)

Grammar Induction K Dir

o Basic-DMV EM - 47.8

— Feature-DMV EM 0.05 | 48.3

=z LBEGS | 10.0 | 63.0
(Cohen and Smith, 2009) 61.3

~ Basic-DMV EM — | 425

- Feature-DMV EM 1.0 | 49.9

g LBFGS 5.0 | 53.6
(Cohen and Smith, 2009) 51.9
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Variational Autoencoder (VAE)

e Kingma&Welling (2014)
o BRPNAXED, Za—FIRy M KDILER
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“\m4xfﬂ# “JE 7

H&DHE (T« U7 L-ZIEDREE)TRWNE
EM J 7L X LDE(FRL

#f5E (logp(D, 21)), ., (logp(D, 20)),
HIERNTHIIC B [ 73 L

o HUWKFNEEDIRE
q(z,0) = q(z)q(0)

-

o BMIRT —F DIEHEZRTETILEHEH U L
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Wi, —a—J)ILRY NTIE?

o BEDA—MNI>IO—4 TlE. Decode

HUWTF—Y ZEFTERL ( h_‘

- BEZH z lIcnmh
o E5AE UKHERREA

AN A

Encode

-

ICTR > TULVERLY |

ET )L
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Variational Autoencoder (VAE)

e Kingma & Welling (ICLR 2014)
— DY 1 ~)L: “Stochastic Gradient VB and the

Variational Auto-Encoder”

o TN TRZE=_1—Z)Lx v kT

iy

THEAE

— Stochastic Gradient CEF & 0] gE
— 7z [FHEEWIICITZEEZEHT T A DM

Z

~ N(0,Ix)
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VAE®D -

o 0D TIF(ED H AT
e A A
EEE LTEE)

o p(x|6)= / p(x|2, 0)p(2)dz
EEAL

o z~N(0,Ix) HERIH
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VAEDEH (1)
log p(x]6) = log / p(x, 2/0)dz = log / 1(z]9)

> [ atelg)tog "D

B i | p(x|z,0)p(z|0)
= [ atalo)1og P22

— - Dla(z6)lIp(216)) + [ alale) logp(xiz.)dz

(1) (2)
o JensenDAREFER T TIRZE > TWATET
o QEZHRAXELIZWLWD, (NEIRFILT 1 (LEELIME)

p(x,z|0)
@) °

dz (Jensen)

Z

dz
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VAEDE Y (2)

log p(x[8) > —D(q(2/¢)|p(2/6)) + / 1(z$) log p(x|2, 0)dz
| J | |

(1) (2)
o ¢(z|p) = N(u(9),diag(a(9))) &9 i,
(1) I fRAT N
Q) FEVFHILENTES }SGDTWWBT%%"
Z z ~ N(u(x),diag(o(x)))
p(x), o(x)
X
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VAEDE H (3)

1
(S EETRY ?@bh%@? e e

FRRD OB DKLY 1 /\—2 = > X D(g(z|d)||p(2)

[

1
log p(x[0) > —Z(Hlogak pr—oi) + = Zlogp (x|2\9,0)

-2
k=1

z\9) ~ q(z|p)

6 1

— ZDTFERDGradientz 5TH L TSGDIC ANtLiE L Ly,
— Reparametrization trick (IE3R &L D Z i)
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VAE: /K- > ~

* JensenTTR%Z & > 1c& Da(z|e) FER DB T
K L)

iy

TR E (SR TIE7R LY

—q(Zzlo)Z2=2—ZJ)LXR Y hTA

ETILE

o HURANDHBDOKLY A /IN\— 1 2 X IIEEIFTHIIC
StET=ES
— REBICIENT HYIZADFHETHDIDHE (L

-

VAE=ZmMial+ =2 —Z )Ly &
Za—JILxRY N DEXRNERET/LEL.
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S SN =
VAE >__ SN M

fetre U,
o Jensen@T#_ﬁ LD, Daz|o)|p2) =&ML

(2)la(z|d)) TlE7E L

D(a(#/9)llp(z) = | alzlg) log 12ld)

p(z)
H T, azlo)Ep@DEDINS F

=ty

- ETNELTWSE
LXK L

~ p@)DYK, qz|p)HV DR H > THKIT L AL

— Peaky72 =% (Mode-finding: PRMLZER)
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VAED X & &

o VAE ... BHRA TED FEHELL
gz E LTRATEE TR <. p) &R LAk

(T & 21

BAB

R eESAS5=_1—TILXY %

— BEEAEITNICIEEE T RWo T, BT AILORE
(—_'_/-

e HEDNNEEMLD, F—5 &RHHE|

"R TTE S

o ZNTRZZZASRIC. EDFERIHLDR-T
WA AIREEN TS WVD TEENNE
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ERETIL+VAE

o BZ XL, Johnson+ (NIPS 2016)

(53] /z IAHEERTE _“)l/a’:VAE’C“i)ﬂLX

fefe. MREHNIFEAETERICAZP>TWS
& < O S L (NLPOB &7 L)

Composing graphical models with neural networks
for structured representations and fast inference

Matthew James Johnson David Duvenaud
Harvard University Harvard University
mattjj@seas.harvard.edu dduvenaud@seas.harvard.edu

Alexander B. Wiltschko Sandeep R. Datta Ryan P. Adams
Harvard University, Twitter Harvard Medical School Harvard University, Twitter
awiltsch@fas.harvard.edu srdatta@hms.harvard.edu rpa@seas.harvard.edu
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/-\\

=5 )L+VAE (2)

e “Syntax-directed Variational Autoencoder for
structured data”, ICLR 2018

F'Ja?e\bﬁﬂﬂ%fok E T,
TFILHARL LY

7

0

=sDRWViET
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e SMILESEC)E -
7,8-dimethyl-10-(2,3,4,5-tetrahydroxypentyl)benzo[g]pteridine-2,4(3H,10H)-dione
OCC(O)C(O)C(O)CN2C3=NC(=O)NC(=0)C3=Nc1cc(C)c(C)cc12

o B/ 7 7O—F: SMILESEC,EZZEEETETILH S
A B (LSTM)

~- FERICRIEEBEDOMEBREIC(EEF LY

— WL ERIICH L REE & RS REEDVELY

— KRR G FEEEBETIDICERT D EDEL L

FERE )L +VAE (3 Ba SN
T U+ (3) 2 ?_{;&
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HEXTE7)L+VAE (4)

B . CFG)

——————————————————————————

sa=1 1|
¥ 4

\---_

pe(r|<atom>; (1))

\—-————-—————————',

<digit>

—————————————————————————

O%Uﬁ’*’J%E’\)l/R 4’“#575%5‘5: AN %U%’J?E
T KD ICTERBEEZ AR

— RETRICIE. FBhZE#(auxiliary variable)E 7)1 ?

h~
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=7 JL+VAE

GVAE

2nd

3rd

1st

2.89

o NEi& %%beM-

(A=l

SMILES

0)/'

4

e VAE C—J:%\ 7|:7

[

N
=

D E frZE

ETFILED, o &EHYK

2 6D 3A

B\ D IE
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SR EX A A0d Dom A A8 A8 A8 A8 A8 AL T
fro (3 RAY Fom R4 SR R4 SR SR SR R4 SR AT
LAY RS e GRA $AG GG R 6L GG ¢l by
oS O Qom R4 G4 HAL $AL pAd B4 R T O R
O Oo 4R 04 $RL4 44 $Ad $RA &b Ry O QF D
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rﬂ] ni&J @4:24(# = —J_J

o EREFEII. TORICRABAHEERELT
BRIZLTWS

—- BN, > TREYMHEL< |

—Fﬁa%ﬁin%JeFW%ﬁﬂn@mj
~FTETCOHAFZEL 2 & FEE
o UL IE BESAPFNODF1—KIT7ILESERE

[ %081 D
Deep Learning

(#k) Preferred Infrastructure
7B%F 8t (@unnonouno)
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"®0E8. DOEMFEE (3)

e HSIC (Hilbert-Schmidt Independence Criterion;
Gretton+ 2005) CREE Y %= E &
(I—RILEICED LK BAIERE)
> MCMCTHSICE BAIL T 3 EBHA% R

p'e I‘ a(x<x) >'d \ll >'d \1/ x/ \1/

o UK IF> EHEHEICEHL, WIS
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Fall)

o HIAS FELIE (NLP) TIHIREEEZENMIT > T
WBH, BIRVYPEEIFEDA /T MEARL
—~-sSxZlEbED é:/%,lm_mw_

— BEEL. ERERIIL—ILDTERE

o HZEIHWHIAHD, NLPDREEFE DEM

o REFE L BFEDEEMEE/MsTZE DEH
DVERE
- FEEZEANSOF IO—F
~ EMEEAN SO TO—F

o NLPORIEIZIA K, HEMICSREE
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