A)2938] 3= L sharo] HH AP stEUI] =3 (20174)

i

Multi—task sequence—to—sequence learning=S 0|

320 HEA 24D ARE A2 24

(g

Ol
ren

R
. @)
=
0
S

AR D

{hhs4322, leeck}@kangwon.ac.kr

Korean morphological analysis and phrase structure parsing using multi—

task sequence—to—sequence learning

Hyunsun Hwang © Changki Lee
Kangwon National University

2 o

St=0 EEHA 24 Y IIX P2 2A2 =20 NAHKSIHA HOIEI =2 HHESZAN 20
e 2H=S2 =282 M4 2HE B0 sequence-to—sequence ZEZ2 0/E8H end-to—end 242
H2YS0| ARCAULH =20 HElA B4 L IAX A2 BAS £2Z M4 SHE HZ2 Al g &
s ZiteE oL 2N dE It UL 2 ==l M= sequence-to-sequence 22 =2 0/|&5t0 &t
20 EHA 24 2 DX P2 2HAS SA0 H2lots RELS HetstCH AE Z st=20 EEilA 2
A PRE PE 2AES SAU H2lEg Al EHA 240 PRE 22 240 22 F= A2 =ol ol
RO, *7E P2 24 L& HHA 24U 2 = A2 82 £ = USS =ZOIsULCH

FHO: S 24, 2F2E 22 24, multi-task learning, sequence-to-seqguence learning
1. A& to-sequence g o] gate] ko] Fea HAw T
T PR FAS BAd ALse 22 275 o

HEA BAL dto] zodolxE] F suz ey #H3 Ede wHES Mdysia olE F&HIE AlERE
Bl EAF E7, 98 29 To] oy vAE AA W sequence-to-sequence HH-E A QFshT),
o7t w& Aol &tk i AL 2HY FxE
BAste wow iz R BAI oF R 2A 2, AW dF
o] AbgHTE. 1eju} ghao] BN R G BAe
o=t = Az BRES O(n’)o® ol do] 2 FIo] FEjA BALe ey B, FA HA, 99
AoJH A= T2 o & Aol AEEH AL A T oA dAE AXH 53] FA B BT
H A dags T+ sty W #d(Deep (RFst} Structural SWed 7[AIStE dadg+sS T2
Learning)S AtdojA e H&3t= A7 Wol Ha AFE3ATHE]. [5]olAE ol#g oy dA=R o] Fofx
FATH1,2]. L = sequence-to-sequence R EE& = do] A AL sequence-to-sequence EHS o]
d& o7l v E¥Hd=E HIste RYE ) end-to- £3l9 end-to-end W29 o] FEA S A}
end WAel AT FEE ARG, ol Aol fivk. [6]914= sequence-to-sequence E Ol H4H A9
sequence-to-sequence -2 Ed FAE FHE A WoE Ao HALSHE copying mechanisme %83}
4 AR vpro]l 7]E] B3t A4S 9est Al7IE of gFdolHdA AEjHer AA TAske i WA
ZHo]  9lt}.  Sequence-to-sequence E & Neural ¢ L wWo]Eo] WWAHE A end-to-end W29 T
Machine Translation(NMT) = o] & Z&o] o] 7] o] Fefi AL At 51
AWM FAS end-to-end WA mdz AUt St=ro] F4x Ha A2 T2 SgES o83 Wi
[3,4]. o]F b AAoAAE ZAEC ALo] HA=d, o] AFHALH[9], HIolle= S E % FH
53] E3 d=o] A B4 4 e BAE 2 B4sE AR 7R B4 295 4w B4 ")
=94 A TAZ ¥ end-to—end WAC HIES xFqE FsE ol8ste e d=2A  xdsd
A E3 AFE0] A HYrH5,6,7]. sequence-to-sequence W &S o] &3 JhLo] FILFE
sharo] PJEjA A 9 S92 BAS FEHE A ¢ BAS AlEst A7 JYHJAG[7]. [7]AE
AR v W, o] FUHA Al shube] d®  sequence-to-sequence EHO] s Eol7] SR
A Fdo] 7153 sequence-to-sequence E S AFE  attention mechanism[10]3} input-feeding[11]9] 7]1&<
ko] FAlA A o] JhEetth. B =il A= sequence- A 835l =2 gharo] R T BA S EAd

- 103 -



A293] stz 9 dtoo] AR A stEYE =wF (2017d)

3. Multi-task sequence-to-sequence learnings ©]
£3 93] FH& BAT FPE TE B4
3 B3 Pz R B4 e &
T+ Ut E =Fo A= sequence-to-
sequence |-&3to] gh=io] FEjA EA 4=
® BAMS FAlo X8]slE multi-task sequence—to-
sequence F2& Aottt}

e

o
Al
2
oftt
= ul

30

£
& =
=
[e)

o
ol

AL
EAE

il

)

rot

3.1 &Y ZARE

learning

sequence-to-sequence

<JX> )

(VNP

<NP> = <JX> }

sequence-to-sequence =22
@ol Pz B4 R TR TE B oA

ANE o] &3 FE Fi
o g oJds XX = A

Aol Hojlth= 74 st
ol , o]& thA
A2 X33 sequence-to-sequence X
=
sequence-to-sequence shoro] HEjA
Al TTE 5 Sequence-to-
sequence 29| Q1FU =€ YA HA o] H=x
= TS 2 E9=E YA HY ol oJHdS FESE
B2l ‘<sp>’ (HoJ2AV)EILE ol WA Hrk. =9
< T A HIE E3Ete] dHA 24" A9E (6]
I A =4 d¥E F9€S A "tk oW [6]1%
A 2 Y Ee] "oyt 28ddE 5 s 22
= copying mechanisme A-&38 < Ar}.

=1
BN

ol
=)

4 ¢

S el S44 @] AdolAel: Fuja ¥
Mol Ags| Fashu, oled@ mUe Frx: P B4

A=)
4

Al FE A&
A Het.

A3g ol 8T F jlve= TAVE TS

3.2 Hidden state® &3} Multi-task sequence-
to—sequence learning

314004 AWEYEe] dHel TTE FE EAL
Faro} Fela B dFe v WEel 9 A%E

ck<=3] 3% sequence-to-sequence RERE o oL
Z JE B4 s HolA "ok old wEk & =3
N FTE2 T 240 FHA B4 2945 o]l
=% hidden stateE 2+t multi-task sequence-

to-sequence E 2L Aottt

719 multi-task learning< 3Fv}9] hidden stateol
A MEZ OE taske 2yE FEsE REZA s
Ao R M2 & EAE FA 12 & + Aus=
Aol Slgl12]. e Bwel Fez PR prz
T T4 8 AR U2 8499 HE dolvt
OE F 9tk B =fdAE A2 gE gagE oo
hidden stateE 3 3= multi-task sequence-to—
sequence 2 2S AA AT

sk 1) “ Task2(X¥->2)

Y1 Y2 Y12 I3 2z 13
' --'f: ——% + +

4 S\ =1 B =
3 8 8 b 4 a a e
10 0 HE 1
o o - - i N

X1

X2

19 2. Hidden stateE &3t multi-task sequence-
to-sequence =&

a8 25 A2 g8 F taskd flZHE o]o] hidden
stateE FF3lE multi-task sequence-to-sequence X
9 o] 1P ot} X (X1, X2, Xp) = AHGoly,
Y(y1,y2, ", y) e taskl(FElL 4ol EHdolar,
2(z1,29, " z13) < task2(F-TZ% T #4])e =" dolt)
Task19] 4% fd=E€d X& Jd3zHEs &89<E Y& v=z2d

SHAIE Y. Task29] AS$ J=H4d
stateEs o83t =HE &
taskl® T©/3Y hidden stateE<
1=

B =R A= 28 29 tasklS o] FEA HA
o= AASY [6]7 Ed3 attention mechanism,
input—-feeding, copying mechanisme 283 sequence-

d XE 23Y3 hidden

sy s,
F7F AHRE HA

- 104 -



A2938] st= 2

to-sequence R@=Z A7 S} Th. Task2: $haro] -
Z T wAe® AAste [7]3 5d3 attention
mechanism, input-feeding= 83t sequence-to—
sequence E@S AFEsIglon | F7HHO R taskle] A
HE ARESH7] fdl ths 2ol fadE AAASI .

1eit = fATTl(Etgt(Zt—l)'hlt—lﬂhzf—l' 1hi)
1t
gt = 4
4 Z” lexp( let

C_thlh

e = fATTZ(Etgt(Zt 1) h1l._4,h2; 4, th)

2t

2.t _ &
aj——
jj= 19Xp( )
T2
2.t _ 2 t2
ct = z a; h2;

j=1
= 0—(VVzEtgt(Zt—l) + Ul,hl, g + U2;h20 5 + Wy tet
+ W, 2ct + by)
r=0WEge(ze—1) + UL hl,_y + U2,h2; 1 + Wiy tet
+ Wrcz th + br)

m = f(WmEtgt(Zt—l) + Uzmhzt—l + U]-m(hlt—l Or)
+ Wyt et + Wi, 2ct + by)
1-20h1l;_1+z0Om

h2y = fo(Whah1e + bpy)
z; = argmax(softmax(Wyphly + Wypoh2, + Wy, Epge(2e—1)
+ chl 1Ct + chz th + bz))

hl, =

Etgt(zt D2 task29] o] A7t ymY ZAxz AA
H o] z,_,9 &% A9 word embeddinge]™, hl,_,}
h2,_;< task2 tJZH <] oA hidden state®|t. fyrri
task29] ©lzmYd A|ZF tollA PEHE X9 <QIETY hidden
state vector( *hy)oll Wld attention weightE ZA3}7]
3 AlAFWoltt, AMAE attention weightE 9HI X

917 hidden state vectorE<S ©]-&3lo] task29]
Y AIZF tolld JdHELE Xoll 3k context vector Ict
ettt wp 7R 2 tasklel td A EE task2ol
€ A717] Y&l taskl® t©]l=Y hidden state
vector( ?h2; )& ® tE AL fur, & ©1&3+
task29] Y39 AZF tollA taskle] T FET hidden
state vector( ?h2;)ell tg attention weightE 75*3'5‘}
I mpR7FAE context vector 2ctE AJATICE. o]F [7]
I Fdg WYPE GRU HauE ARES folA fdH

(=]

H =2
Xoll W3t context vector cf®] F7FAH O =2 tasklel o
3l context vector 2ctE T THE 7tE=AE

ol F7H4
B2 9},

24 4 to

=E

4, 28 4

H =Fo A Aot multi-task sequence-to-sequence
wdeo] H5& Hrrstyl g8l (7] sd3 /‘ﬂzt—é‘%ﬂ
o FoE gE 24 HlelEE ARSI S source,

d=ro] ArAe shEus =y

(2017)

target word embedding& 200x}¥E AF&slE i FE|X

B2 (taskl) o] tlzmy s|Edolo]e] Z7]E 1000, T
Z T w4 (task2)9] "y slEdole] o] A7) 500

o2 AA s, FrhH e T dHolEdl ug FH

A Ao gua PUn BAel ¥4 ge B 9
Qo @ wel FIx TE B ATE S48%th

1. @=o] Felh £A4(Taskl) 2 772 & 4
(Task2) 45 H7} 23

1=

Gl Taskl F1 Task2 F1
RNN-search + input- 92.48 B
feeding + copying[6] (baseline)

RNN-search + input-— 81.78

feeding[7](raw corpus) (baseline)

RNN-search + input-

feeding[ 71 (A FEA -
A o] g)

89.03(+7.25)

Model 1 94.10(+1.62) | 78.56(-3.22)

Model 2 94.78(42.30) | 85.61(+3.83)

S 7Z}7+o] sequence-to-sequence EEl ¥ 3o
l"ﬁ_r@]?)r TTE T A9 As HrF A9 ol
P& A4S YERUY, task2e TR T
et WA [6]o4 #AIFEl RNN-search +
~feeding + copying EEZ A BEATS AE
F1 92.489] As& Hol sid deolg7t [6]¢]
‘:‘r A717F A, FEA EA0] oj#e dHolE <l
AoH([6]¢ srFdelH= 9v 4, 2 =il
shEdlolE = 39 £4). viA R [7]
RNN search + input-— feedmg 2dz gk
dHgo= WS A F1 81.78

45 vl A% dux ¥

Pﬂi‘”mlo

1914 model 12
3%l sequence-to-sequence &
Aol A #|¢ke hidden states multi-task
sequence-to-sequence Edolt}, AE Ay 3 AyE
S model 19 7A-$ e B9 A%o] F1 94.109]
Ao FFE T A A2 Fl 78.560.2 FHA
Aol HXAX e TS dygo= WS A9 Fl
SLmﬂ»@%Eﬂ%@ﬂ%%ﬂ.:ﬂq~?¥ziH%%
AAD FEj A A (taskD) O] HAEE BEA AAE model
29] A FFE i B9 AEe] Fl 85.610.2
Hledoi m-o}o Uﬂiﬂ— =
1A o] F3x Gt B4

Sk} 5’\101] sequence—
E‘*—? Ef

3.1l A A}t
)

% o B 8

e e el £
Bo] TR R wﬂ
Model 2049 -2 %Lv

oro mgo olgow 319}3

Hbﬁﬁ+iﬂ‘4%t%m4 3

- 105 -




A293] = o] AEAY shEds] =2y (2017d)

o2 AL EFS T & Avk. E=S model 13}
model 2 E5F [6]9] RS o]&sle =314 FEHA
BATS AESE H9HT 22 A5s Ho] sharo]
T T A dharo] YElAa B0 dgke] A=
AL E& o] FeA B4l sbtaro] 42 T &
Aol JEe vA F dSS RoFErh. 19 32 hidden

multi-task sequence-to-sequence 5

dlo] 4z T8 EA attention weight olAloltk. T
TZ T A A g8 gl sk AR EaE ol gl FE)

A B249 =Y hidden stateo] W3t ARE [7]7
AVsHAl -] 2 - B4 " AAA ddsie

o4d AuE Ry sk AE & 5 AT

A 2
o] EEL 2016K% AR (v F 2}

RUS N

)] AQdo=w

=)
=T
dRATAe] AU wol saAH ) 2ATAIY (o,

NRF-2016R1C1B1014124)

5. 4&

2
rr

Fao] Pk A L Prz PR R
3l+= multi-task sequence-to-sequence
sk, 4d An dFo] FIE FE BA
2 A AAste] Adsol
fwol WEa B PRz
selstgint. 3

olft iy

2> #g
22 9

>,

H

o
2

2o B
B et
O,
ol
2
o
q

A W L

o o ATFI 0 flo o

off o 4 4 2 {g 1%
2

o i
=
>

WA oot

[1] Collobert, Ronan, et al. "Natural
processing (almost) from scratch."
Machine Learning Research, 12, 2011.

[2] o171, AFA, AAg], "H H3E& o] &F o]
oFE Hu A", A263] = B Smo] AR A
skl 3], pp. 87-91, 2014.

[3] Sutskever, Ilya, Oriol Vinyals,
"Sequence to sequence learning

language
Journal of

and Quoc V. Le.
with neural

networks." Advances in neural information
processing systems, 2014.
[4] Cho, Kyunghyun, et al. "Learning phrase

representations using RNN encoder-decoder for
statistical machine translation." EMNLP 2014

0|4, 0l2&, 0I8BE. "Sequence-to-sequence JI
g St=0 SHElA 24 L SAF B2 321s3 =

[ e

Z Al 44.1 (2017): 57-62.

[5

—_—

[6] &8s, Ol&D|. "Copying mechanism = 0|28t
Sequence-to-Sequence Z2EI|Bt =20 EHEHA =2
A" St=2ME8EE St H=28 (2016): 443-
445

[7] &&lE, OI&D|, Sequence-to-Sequence DEE 0l
st st=20f 22X 22 24, HCLT 2016

[8] OI& DI, “Structural SVME 0188t &2 <MD
2 SAEHE 2 2E7, Z2USe=2N 0 AT

EQN ¥ 22, 40(12), pp826-832, 2013.
(9] 018, BME "St=0o] RRE 2

13
o
S

Ble2 ol EEH A= =24." =2
1996 U IS S=YH==2d, H23H, H2s),

pp557-560, 1996.

[10] Bahdanau, Dzmitry, Kyunghyun Cho, and Yoshua
Bengio. "Neural machine translation by jointly
learning to align and translate." International
Confernece on Learing Represnetations, 2015.

[11] Luong, Minh-Thang, Hieu Pham, and Christopher D.
Manning. "Effective approaches to attention-based
neural machine translation." EMNLP 2015

[12] & Z, OIFD]. "EQIH HIERIE 0|28 =20
ofE FE 24" F2BUsE =X 44.8 (2017):
822-831.



(2017d)

2]
B

o] HHEA

s

=1
BN

=l —L
k=

A 293]

(S

(NP_AJT

XX

(AP

XX

(5

(MP_SBJ

XX

(VP

XX

< /5>

E

+

=2

X

M
w
=l
A4

B ||| B

(S

(NP_AIT

XX

(S

(AP

XX

(S

(NP_SBJ

XX

(VP

XX

</f5>

E

=

=

<NNG=

o

A

<JKB>

<sp>

dn | e | B

<MAG>

<5p>

A

=

<NNG=

7t

<JKS=

<sp>

Lt

<\ >

o
A

<EP=

It

<EF>

<5F=

<fs>

A1 attention weight ¢l

OB
RUA Lo

_—rL

multi-task sequence-to-sequence

she

[e]
T

oL
o

=

=

g 3. Hidden state

- 107 -



