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M, Ce St B, Action Miiq Cr1 St+1 Biis
M c,C S B Split(t) (t,o),M C S B
M c,C S B Merge M C S B
Wy, M <SP>,C S (Luw),B Word M c S (wt(Wg),u), B
M c S (wt(Wg),u), B Shift M c (wt(Wg), ), S B
M c u,v,S B LeftArc(l) M C gi(v,u),S B
M c w,v,S B RightArc(l) M c 9w, v),S B
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ojdo] A2t Fejaol & FEjao] FARE A7l ol HaE
sk T wt(Wy), o138 Bl7t Fofu]x] 2 HH <]
TOP-E 7 (Luw)=E T3S

WA FelA A AEQl Split Action> AA W7} 7]
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Ab tE Folske Qe gt Merge Action Wrd] &
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H 2 ST TO| dHo HH of
Action M C S B
init [] (32,3, 2, <SP>, }\1 <0l oh<sp>] [] [ 3282, A-go]t}, root |
Split(NNG) [31] [, 2, <SP>, A1, &, o], T}, <SP>] [] [328-2, g0t} root |
Merge [az] [2,<SP> A, &, ©], T}, <SP>] [] [ 282 A-go]t}, root |
Split(JX) [32,&] [<SP>, A1, &, o], T}, <SP>] [] [ 282 A-go]t}, root |
Word [32,2] [A,&,°],t},<P>] [] [318k2 A8-o]t} root |
Shift [32,2] [A,&, ], th,<SP>] [3182] [A&°]t}, root |
Split(NNP) [22,2,4] [&, 0], o},<5P>] 28] [A&°]t}, root ]
Merge [a1,&,A]] [o], T}, <SP>] [ 18] [4-€-<]t} root ]
Split(VCP) [32,2,4,°]] [}, <SP>] [a18k2] [A&o]th, root ]
Split(EF) [32,2,4,°], T} [<SP>] [a18k2] [A&°]th, root ]
Word [32,2,4,0], T} [] [3182] [A-&°]t}, root |
Shift (32,24, 9]t} [] [18& A&oltt]  [root]
Left_Arc(tpc) [32,&,4,0], o} [] [A-&olcH] [root]
Shift [32,2,4,°],t}H] [] [4golt}, root]  []
Right_Arc(root) | [iL,-2,4],0],t}] [] [root] []
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MAolt}, Left_Arc Action, Right_Arc ActionS 2=8] 1]9]
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3.2. B9} 2" TOP == ¥A
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x_{xll " n}7 Z_{Zli i

YHlHE doj#] 7] ¥ & 2
H x5 45 w idA 348 e 3k vy i 39 22
4 e et
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# 3. Yoz AMEE:= I /¥
=4 A Explanation
Unigram Ci—1,Ci, Cit1
Bigram CiCit1
Trigram CiCi+1Cit+2

W, Spe 18] A8EE 2 WE 2x R A
= flo] g 5o duld o 3Hm 1%‘% de= B
AL a4 (D), (2)= Aeght,

x; = lookup ([uni(i); bi(i); tri(i)]) (D

z; = lookup(c;) (2)

91 €] *NoﬂH uni, bi, tri $FE 2474 % 3 tgHo] n-
gram AFAS FE3E gm0l lookup S UMY lookup
TableS il oHDP o HEE dojU= d<rolt), ¢lHd
x o} 225 299G h={hy, -, by}, k={ky, - k) E @
gL 4 )R HofFt

{hy, -, hy} = LSTM ({x1, -, x}) (3)
{kli'“:kn} = LSTM({le“'lzn}) (4)

Feja A el 28 ¢, M} 31 ¥} ~8 B, S
G A HEES 24 r(0), r(M), r(B), r(S)EF Aelgit.
S0, S12 77 vy &8 ~Elo] TP, 2HA| TP === %33}
a1 Eg s O‘Eﬂ 24 3t YAE doE I

cpos©l™ 7} ] MEIE v 4] (5)~(8)% B3l dojur}.

r(C) = hcpos(co) (5)
r(M) = hcpos(MO) (6)
r(B) = [kaOS(BO); lookup(wt(B,))] (7)

r(s) = [kcpos(so); kcpos(sl);feats(so);feats(sl)] (8)

hcpos(char(co))ﬂ' e}
(5)~(8) 4.
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2 (5),(6)0llA HIzo] Feji wzel ~Ee] A uiy
r(C), r(M)= T3] 9 d x 25 LSS B3l Aozl
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feats(S;)
S;.child,.label
S;.child, sibling_;.label
S;.child_; .label
S;.child_;.sibling,.label
S;.child, .label
S;.child_,.label

o714 child 3Q ==9] A4 = == child_y, child; =
747}y alfd wmo] E WA AR @ BE jHAl A4S o]
3 siblingS 3d ==0] Al === child 9t SUg 327)
W ARESEY] label > 7391 =Eoke] o #HA HolEs
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pe = [r(C); r(M); r(B); r(S)] (9)

2 (9FE B3 QoA He 3A dE 28 AT
p ={p, P} = EA8HH A (10)el4e} o] LSIM 4173
o] qiEo® St LSIME 7A th o] ddoze] A
score, = AL} LSTM, 3+ LSS &3l dojzl &
AEHE tHA &Y WEE FHeHeS sk Eroltt.

score, =W - (LSTM,({py,-,p:})) +b  (10)

0]zl score, = softmax=C. & AW o] g2 WHalst &
ol G5 Foll Hi7b M-S vhe o] AHOR she] ¥y
of ~Elo] vhy AJElE AAgic). gho]zeRdl WA AjE &
glo] Zpol " T ActionS AABH] $18 FElA A4 <
& 9] We} 28] HElE B aelshA "ok oAl g
A AL B NS AT o) 9 ArE o)8stka 3
NS AATE wf FAF B AE o] &ate] A =7t 2HESHA
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] AlF Fela 24 dlolHYH g5S st
9] Feja B4 mdlo] skhs B dojxl A AL
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4.1, 49 A
2 =idAe s JFoE SPMRL 14 @] oE
s elelel Aol of 2w 7R BFS o gaion]
EF e 24 APS A9 Yoh Ygere (1%
598 AT Fela B4 dolg A9 of 25w o
=S Algslg o 25v B F 57 £ HAE
Y ggoR ol Wik ANFAL. A 2o
SH5E-2 0.0005, R 3|E #olel9] Dropout H]E-2 0.8%
3T
4.2. 48 4%
¥ 59 6olE 47 Hela B 2d Aapel o9&y
4 A Aot AAEo| ATt
H 5 MZT FEfjx M A ZHat
F1(morph)

CRF * [2] 97.61%
CRF(BIES) * 97.75%
Bi—-LSTM CRF * 96.96%
SVM [3] 98.03%
Seq2Seq [5] 97.15%
MO8 % 97.77%
Segment&Tag&Parsing Joint Model * 97.63%

(#:= F7Hlo] 5<d)

H 6. SPMRL'14 °|& 1} &4 Zu}

UAS LAS
LIS ZE[9] Stack LSTM 89.10 | 87.34
LISE[11] Stack LSTM + 2IEZE2{ | 89.94 | 88.36
01X 2[14] SynTaxNet 90.33 | 88.69
POSTag & Parsing Joint Model 90.48 | 88.87

% bollA RZo] FY dolH AoA 7]ES (RFY
Aert vdeA =& Aes RAFa oy BIES
XIS AR CRFU o7k Fejh 74 2
Haid = ta "ojxle AdyE HolFErh, 3.44d0A
718k e EE AMEstY Resdloy F 9 &y
Al wete] H Q).

3 6o+ SPMRL 14 gh=go] o] 1/ dloJEAle] o
str]Ee] WAy 2 mdd e Ad Ayt AA] H
o 9o, ® mdo] wo]xa el Rl [14]9]
SynTaxNet< F1 measure 97.61%2] (RFZ A5 e
BAANE o] g3t RdE JointEEe Asol ¢ &
A gl g 4= Q).

5. A&
e o] J]h o whd wel] Pejs BAHE Ae)
T 5 YES AoldS F7b Hgste] Aol Weld

8 o) sy Bwde] tie 8L AWl o ol
L SR o] e Fea
dolels] P50z Mol dolelziE v Felk #4o
e sHr SHRIEIS Bnd-tofnd HAl0] obd Ao s
o] FATAT. AF End-tofnd WAL SHa 5 gl
ot tha) A ool

g, el BAGAE o] |uk Feja $4 melo] v
e Tk ol AskE molEm gy oleld FA
2 neksh Qo] disl 218E el golut.
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