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Abstract

Recently, dependency parser has been paid highly attention in CoNLL conference, in this
case we can find how important it is. However, there is no native Taiwanese attend to this
competition. Therefore, we aim to build a traditional Chinese dependency parser in this paper.
Through different famous neural network structure , such as multilayer perceptron and
recurrent neural network along with traditional Chinese segmentation, we are able to
construct an efficient parser that could transfer a raw traditional Chinese sentences to a
dependency tree. We have much better result than similar task that has been proposed at

2012.
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TEAAESRET > SRR R RETN 8y - ik T HEERRAE - S %
T3t o FEHAERE PR FI ARG 574 70 HT (tree parsing) » AIHBARERY CKIP Chinese
Parser{ 1] ° fahiR%EH#E S IE R B4Ef# (phrase structure) @ EERRE A T-HF il A FHI A

o o AR BRETIRS R ANES M - (R E M RV E AT B 4E IR
R RIEEEAT 2R - B S Wi )T I & UL - (BAEaE A R e DLE R G
B R AR AR (5 -

AT AR SR S E Rl — T BE G AHarBAE S mHE = et
REHTRR - RERLEITHABIIL  AERHE IR - B 2013 £ Mikolov
fetigT Y5 [ B FoR A (Word Embedding)[2] » {54 iy 2556 o] AFAE—E AV RAMGE - T2
RE S Sr YA A B a] - PR A FIEs S8 200 - B4 MLP (Multilayer
Perceptron) /1 LSTM (Long Short Term Memory) > ifFEFERT RSt AL > B2
dependency parser JFAEIRARER] - F52aa A [FIA R Es Fioaa Bl a2 [ A AT RERE
Bt - AESARAVEIRF EFERE SN T ZRME RS ERE R lr - 2 A R
A BB R IMHRUGE R > ] UE RS B8 ) T HEEE - AR A EE S s
FRPERRAVEN 73 i bR ER B e S s T YR R -

WAFEE MR E AR (R B A » NI IERE N THAE A TR
sl BEVAFENE TR AR ol EERAY SRR} o ERAE - AT AHAR T B A A
HETE TIREFE IR — B » WE L S EE SRR AREERE - Hf

FH Joakim Nivre ¥/ Universal Dependencies(UD)[3 /2 —{[&25 A\ S Bdill 1T &Rl

BOVHS - B8 T e REREEES 0 2.1 IR T ER BT - FMIHEELE
A R A BHG T O word segmenter [4], ~ POS tagger fE /I EARFALEAYFIISR T A

FeElSREEREZ o] LLUE SRR SRR - BE L BHZMEEFREM » £ UD &

A6 T S RHEE T RN SRR RHE A R &Y H8Ea - H R (58 Ay PR B a2 A kB

BBER AR AT » BN FRFIRVERNAER UD sBfHE A & 177 —% End-to-End #Y
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B - AR T B Ry OCGERER R R > I HJZ LA dependency tree HYJ5
AEIR - Ersa el POS FUREN BT fesaEE N — 20 > H P berEa MR 2
478 Hep P (frad) FAIEHOTEL 66 F o B ERERR LA A DT E L &GN » o fr e
HER Ryfe st BUTE—RIE— "B, Rl > EIZ AR POS fFEALEHET | BiiEA
EMAERAEHEREENENER > WE— "8, POS &y P35 (ARAVZHNE - AlE A
Dl Nei A EY) i /Y T 81,y Caa » (RFERTRANE B LN R B2
g > AT b A HEERIERYAE - &5 POS fEsll SR A& i as e E
AETERDEVEF L - AHECHAEE S 2GR - PSRRI RSB B > UD sBRE T & T
&% {5 S HY dependency type ST 42 & - FHEIR AT 68 5 - UD Rl AEHE
FHET S GEEERANEH -

companion
d DUMMY»]E headmanner\./complement
£ RER M=E HY &I E—iE
— ~ By POS £ P35

theme

«quantifier
head
\@ﬁwz
DUMMY DUMMY DUMMY «propert
Neaa] (&MY g UMY g \pE e
—_—— —— —— T — —— — ——

T FRAE A5t B oya B 2 1&BD

T+

— - By POS & Caa

SR FEREEE 0 B R E =R A e B POS BUREREL R I AEAT(E]
DIEEUA IR EZ BN S T7E L o RIHFTERE TG ElatRE Ao ies - 2K
RRBAAE SR E AN THE -

& E/ NP ENRIF A AT es 0% » (A T Joakim Nivre 21y Transition-
based algorithm[5] » W45 Stanford $2 H Y SRR EMT23[6]HY Multilayer perceptron
Z08% > & T Feedforward #p » t7{# ] Recursive Neural Networks f1HY Gated Recurrent
Unit S BT ARAF A E 3 e[ 7] > 2K MLP shE e I R R -

=~ Hi&

!http://www.aclclp.org.tw/use_conll c.php
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(—) Z&d
AWFE P EER T A AR SRR e B B B Y B 2 L POS 50T Ersdlss 2 ERe
X E B E M EAREE—ET: > WA GHAMEE S - PR T A IR ERE
FraR > FBEA HIATEREAE A R SR (E I S R ER0E - 1T POS BR8]
aelVEE R o BRI AERE S EL POS £ » FRI{EZ X share task HEIGTEARAYRL
&1 LA o0 B IS R AR AR AR F R A s -

| Traditional Chinese input text

Word . Feature Dependency
Segmentation POS tagging Extraction parsing

= ~ End-to-End A4E AT EHIITIE

TEARB R » T EF B =1 Dependency Parsing » B[l B {FAE5HT » {FH#E
NIRRT T7ERT > B M EENFR R TR ARESE

£ dependency parser it (Z[E VU > &if5l]) - & LA (arc) AR a8 EL R HIAETK
M [ are gL EE(Head) 5 MIEETEE » 1 ° "HIL” —F &5 R —REE” - W HiEF
—{[ arc FZ/ dependency relation (X1 : quantifier(BEA(ZEHEE)) o M —BEHZE 5
MHR—EEA4HECR B8 - MH N —Jg » "— RS A EH " F - 2t > —E—E
£ itk o AR REEEERY oL EE(Head) RITFE Ky root (14750 —54])

A1LL - dependency parser [ head A1 dependent 2EFR~ i fiif3E 2 [RIIEARE - LA head
{1 phrase fyrhuCEa (#4g 5 S8 THYR4E > BhE R B P RVEDE ) - R N AYER AT AE
B head A direct ~ indirect 2 dependent HJRA{% - P ] LUE# IS HEATRANE - 1 head-
dependent FYACHEHEEE #E—2PHY 7745 > F8{F dependency relation 5 grammatical

function °

theme»
quantifier rope location\.A\spect quantiﬁe\-EI
PPN

— R EES = s = 88 B=

- ~ e aAER]
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TR A BIA o iras W F i e —FAMR] - (1) SNIIRY root » A (EAT are HHE -
(2) root LAY node(GA B AERLTTHR) - H & 11l arc F5[H - (3) root FFTH HAL vertex
R RME— S o _EHEHY vertex FERVEAERISEAEE T (AE L) sHHAYTULEE < 41
n 4 el th I By constituency tree » M BN SCIEFREGR - ELLR 5B R IHTEL -

DL b iry#EgE - $"(# H Transition Based Parsing HY 5T » A——%.tH 55 B A5
Bt E(ETARZAE R shift-reduced parsing > ] T stack FIRRFHIATHY word list »
f£ transition-based parsing F175 & ZHVFFEAHRE (configuration ) fif&: > HA =({E=E
Y43 o stack ~ buffer fil dependency relations HYHEE o B ¥JAVEHELHAET - stack H4
2 ROOT  buffer A2 4] 5 H1HYFTA3 - [ dependency relations —BHIARZZERY © 4% 1E5R
f&Hp stack H{EF T ROOT F1 buffer L\JHZZZHY » dependency relations FYEE AR R4S
HIBIAFTAS R Ko 1R BTAVRTEERE - FeMTE {5 ={E operator :

LeftArc : #f % b HYFEFIMAL N — 5 - i1 A¥THY head-dependent relations » 3ifi pop
G

RightArc : 1£55 — JEHY & f1 5z L JgHYERF 1 AHTHY head-dependent relations » i pop
i b JEHYE o

Shift : buffer 1 EZFITHIAYET push #E stack 1% - K HAERR

FERE 7S > FATATLLGRE Check dependency 73hliAs ' Left-arc R Right-arc » Ji_E
dependency relation » S5\ — (& ZJ5 AT 73 es - A AT /2 A Y [E Rt AR HIET S 5wt AR
FHIE ARV R -

S(join)
/\
NP-SBJ(Vinken) VP(join)
/\
.\HLP MD VP(join)
| — ]
Vinken will VB NP(board) PP-CLR(director) NP-TMP(29)
AN /\
join DT NN IN NP(director) NNP CD
T |
the board as DT 1 NN Nov 29

a nonexecutive director

71 ~ Constituency Tree

65



li No relation *‘

Push one word

Push ROOT int . Check
S nto from buffer into ecl Bl-lffel’ not empty and ROOT
stack stack dependency is not only word on stack
fLeft arc—bRight arcw
POP out sencond POP out first Check final
word on stack word on stack state

Parsing
finished

| |

75 ~ transition-based AR B

& EAHRARERAE—EERR G - B FAYREEL transition Sy&R MERI{G - 7
P EEERY A | eV BT Breel 5 Ry VO{E G - (R B &k pop HY Stack
1 push #E Stack —Z » (R A FREE 4%2 B2 m] DLEIAT 58 —a)5h © feR—H T LA
i WIHAIRERTE ROOT FAtGHIE] ROOT 457K » fH{EgA &l Erfimii e A stack fg 1 » H
FIFTARABIHCEIL - ERITRR —ITA SRR - BRI E S LR RS E A E

%% — ~ Transition based parsing F\J#E %

Step Stack | Word List Action Relation
0 [root] | [d,ma 4, & £, A 4] Shift
i [root, 8] | [W4E, & L, A 4] Shift
2 [root,d3, @ 4%] | [& L, A RightArc | (B—> i)
3 [root, 8] | [ L, A ] Shift
4 [root, &1, & E] | [Z4%] LeftArc (B<—A&L)
5 [root, & £] | [Z 4] Shift
6 [root, & £, 7 4] | [] RightArc | (EL—>Z4%)
7 [root, & L] | [] RightArc | (root—7£ L)
8 [root] | [] Done

2 RER R DR n*2+1 > E—FAdAE ROOT A word list - [iJE stack » RI|ZEZE: ROOT push & stack
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agent
I//—— manner Ir agent

P_THE

T~ R—HIRE A TR

(=) A

EiE Mikolov fEHHTHYERZREZE T AR - S HAYHE@ErssIliEa > s E
PRGBS IR E S HIEE A IR ENE T as B AR BIAN - BB TR ST SR s e &
ALHEIES m] DS A S0 P Y el A 5] P HRRES (pattern ) o BRAPTZHBIRAE e B AT RIS
A — — IR AR B 20 o IR 2 AR EFR (KRR 0 #res > FRR transition-based J&—
MEAEEE » M ERIHEIELR - MR A R S R TN - (R
FEIE MR AR S T E [F#23 (Beam Search) » A EAEIARS - R&I&FH
L BrailE RS &2

1. 22§ H1%s Multilayer Perceptron

2014 4 Chen & Manning - £2H T —F#{Jt2E17 transition-based parsing 7374 > (R T
stack F{1 buffer = {E input layer 1 feature - &7 word DIAMI/ELE T POS tags Al arc
label « {F15 & P 8EEY feature RIREEA— (L8R - NI FIVRELAR—2 £
C&M Em L - EEFE T stack Al buffer 5 /@17 3 {f element - stack [ & {ERITT/E
—F—AEaE - DA R G T HVR iR B EEsEN Roa (A - 483%
&7 18 [ features » 35 L6 words fY POS tags t4 18 {f » 27 arc label 5 12 {# (A&
& stack A1 buffer FY/{EE ) > DL L3S 4L features B2 5/ £y dependency parsing [
A o PLEMER TS s - R DUE /R Bl > ST Se AR 5MT » transition-
based H1 4 —{EB)FEE B S RHERAH AR 1Y step) 2 TEH N —(EBIE - Eim AnVHs
st bERAy N EE R ERHRRERY stack A buffer - B ELFE T CAIRVEEfRA(H4H
& o FOEL > T AT T BRI AP B AS H stack - (RIS IERIEEVERT T T I&
EEEE - AT EERRARIE N — BRI A R RS - HEM R R ERAFAYE A R -
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FEEILHIZRIE T - FMTiF features 73 pk =& 57 > &8 ~ &A/lEAT Label - £ AGH A&
(R > ATRE S I OOV (Out of Vocabulary) » [AlILRF POS AREST ] [F] & & (AR T
FYEs] A 2R AERIN 4R > 10 POS M1 HAENSRAY HAY » AE R T AR EE BT
EARAVERE - AEREINY L EER T > TS POS FEIIRAI T HE B R i E
HyHIAL -

theme
quantifier
(— agent W ﬁaspect w {— property W
fth

15 g FZE2N 2373 LB

N~ BITIR AR

- FEHT —(EENE 2 FHEAHAE
2. YE 3@ % 428 49 3% Recurrent Neural Network

PEE > EAL AR SRIE 2R | > 2016 £ > Marianas Labs f2H T —({EREH?
transition-based FYIEIETHARLERE » X F Stack Long Short Term Memory 454 T Stack
buffer 81 Action - 75 % E Y RNN Z24# » Stack /Y RNN » 375 1 #47 parsing tree A&
=R BEE EHAYTEMIE FIRY action » {F S-LSTM 1 » %7 Action & Sy HVEEN @ B
{EFRRETHMLHY Action BELRIFEIFFA1 » AILAFISR » F£5057 parsing tree > JEF] T
Stanford Parser 1y feature » K503 HIFTHH & (5] Stack 1Y% EHIFEIfE - HFHINTREIA R
HrEH A7 action HY label » ZIFLMAEREHVEINT » &5 composition HYJ7 =5
7II%8 label A5 » FRLASRMEREHAEY 7K 1S EHTHY stack RS -

TERAIATEF - K _Ealy LSTM AU RNN Ay 55 —7# 8 f# GRU(Gated Recurrent
Unit)# LSTM 11y forget gate £l input gate & 5%—( update gate > 53—{F gate HIJE cell
state /5y reset gate » {RIABEIRIFRILIEREAVEER » 76294 [ LSTM B GRU Hy7%
SR (BEANZET - GRS CERERIER R EEEEE - £
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T ERE - HAEERIEAHAGREE T - LSTM SRR AR K - FER AR

i LR MR AL By stack-GRU -

139 classes

[OOOOOOO] |SoftmaxLayer |

©000000)]

| Hidden Layer |

(CICIICICIeIe)
QQQ,QO"!

\ <\ T
\ concatenate

Words embeddings of
stack and buffer oov Vo \

If OOV use POS as its

®-0 0.0

POSs of stack and buffer labels of stack and buffer
one-hot One-hot

&l J\ ~ MLP 2848

139
classes

'd Y
Output
layer

/:I:\
‘ Hidden

Layel
\ )

- N - N\ - N } ’ e N\ N\ e 2
‘ GRU H GRU H GRU } GRU ‘ﬂ—‘ GRU H GRU ’
\ J \ J \ J \ J \ J \ J

NULL ~ ROOT b3 #I A %% ¢33

‘: Stack W ‘ Buffer l

theme/ ‘: GRU \‘ Shift
X%
uantifi - N\ P
s ‘ow|ert [ Action ]
£

N e
}7 >
J \

‘3‘ Shift

. ~ Stack LSTM 2244



3. E[[#8ZZ Beam search

Transition-based fEATIHFEEIZHEETHE LIEE A RBERIVEEE - HE{IE stack B buffer
HIRREFR LSRR - W — D HINT SRR A)EE - AN ERRMIEE - A KRG - —
BT RE - (EEOAETE - B AR S A B D KR ARE By ) - I > FR{Fi
YREH AL 2 B H M - S SR AL o TE R AR T A
St = AR DS Y A S — g R R B S E RS (beam width) HYE
K} o BEFEREEZEZE transition-based FIffT I » FAIFEZERH ISR MR AREE L
JFAE RO E AR BRI EEN(E - BRAE APk HRATN = rEE - SEE R
FEE IR EEHRS - BRI &I A agenda (FIEEENERVIES ) HEEGHEHE
BAFRERY RS (beam width ) » gk AP NI AGKTHIZARE - & agenda ZEFITHREATA
/NG o BT HEGINALL agenda B A2 E MRS HVAHRE « K 7 IEIRAFHY AR - DUE
I TR T R AR E R IIRRR » Hrp iR BIFAREEFEAT » K&
DU N (B TR B —AY 0 BAE IR - TE AR E R R E
» EHEETEEV R IR AR - SEAR AR H AR O EAT = S0 &
ZEFNEEIRRENT - RS BERCRENIR SHE /BB E » B M re i 2 A2
T (ERTREM AL -

O

¥
re " re Q.Y

O

0.0 00 00000
/AN I T IR
O00000000O0
/

OO0O0000000O0

-+ ~ Beam-search



= . GERETH

(—) HREkE
FERHEERAE F > (A7 H)7AHCH (] UAS( Unlabeled Attachment Score ) &z LAS
( Labeled Attachment Score ) » 2R HfEsY head-dependent &5 (EHERC ¥ > Labeled HIJ 5 #E—
i FR head-dependent AYRHE - dlfE+=Ei-+VU » HEFTHAANEREZEAILIED 7 (&
BEGE o A 4 RIERE > AT A RIS RIAA 3 fRIEE - NS (EEf > UAS &
4/71f LAS Ky 3/7 - @ERMIAILIETIEET | 255 ) HUBEIGE " quantifier , [EEETERY
sl A IEHE - BORRERTR LAS -

quantifier

root

property

T ZHEER

root

B A il BY =g e HiR

BT HANY UAS B LAS 4) > thS026 7 —TEREAEAEAE DL fl-score 1E By 5K G0 R BERY
3 - fl-socre HY/AT By

[ = 2 * precision * recall

precision + recall
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IS #RHY precision (ZEWER ) FELMGEEBZEF o EKETE » 40 N E RS R HYETH
By 48 - MBI 5 (E - RIELERER T 4/5 0 ZRIM recall (H[H]3)2 DIFAIHT %
il Ry TR TE R4t A 8 [ETE - =5 4/8 » igEtH fl-score
0.615 -

range

root

property

aspect

1151 Z UE P fy

= M
i

+0Y ~ IEMEEZE

TEARWFCE 3 T UFERCE - Stack-GRU E2 MLP » DU & Hf_[- beam search {4

R H e e R (A HEEE R RIA AR - BT BR(E A AV Bl e B
TRAVESIR - TP AV S5 B e lrsal A LEaT A > NIRRT fl-score F Ryy
PEEER -

(=) HEEiER

H RTERS Q2 AR AR EEEFR I 52 - HELDL 2012 4 bake-offs Y
Traditional Chinese Parsing task[7]HVE(d 45 R ACE FAIVEAE < HLERS T SCHIT AN
TEIEREAVEHIRGERE - A1 PR o AR AR T AR AR » IR AL
FEI MR AR AEAY - I 2 — > 2012 FEFTE R ERHE - BLAICE Bl SR
e RHIEAR By 1% /04 - R Z—HPRIEGEERHE 1.59% » =2 Z A5 1.2% -
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Data Set | #Word | #Sent | Avg. Length
Training | 391,505 | 65,243 6
Test 8,565 1,000 8.57
Validation 341 37 9.2

® =22 TR AR

Data Set | #Word #Sent | Avg. Length
Training | 337,174 56,957 5.92
Test 5,160 690 7.47

% —2— ~ 2012 Traditional Chinese Parsing task Zif}EE

TP, 205 S PR BE S B ELLR > B TR BLHIR B R — 80 B
E Pl BSHKE  Hoh sy BICPERUETL » TR PR MR Es 5 -
=P R DR A AR RSN RS o AR E R T LAS USRS 7, - P
AT HGE R By 0.4287 - HILLL R0 -

xR A CH SR ITAE R

. Micro-averaging Macro-averaging
Submitted Runs Precision | Recall F1 Precision | Recall F1
NCU-Runl 0.3755 0.3429 | 0.3585 0.3506 | 0.3538 | 0.3522
NEU-Runl 0.4358 | 0.4328 | 0.4343 0.4192 0.416 | 0.4176
NEU-Run2 0.4409 | 0.4379 | 0.43%4 0.4239 | 0.4209 | 0.4224
CRF (Baseline) 04382 | 0.4216 | 0.4297 0.4347 | 0.4229 | 0.4287

EARES T » ZEEHIZSER T 250 4E0EE & - FEME R 121 SRV EEERS
(one-hot encoding ) FI{KTFRE% 69 JARVEEGRIGIE Rl A » & HI3 FREEIEHIG H &
ff » WARREE AW RELU (&g - @1 - FEE 56 R R ey R e i
TRy 200 f[ - EfFAIE 600 {# - i —fEiEE g a Z K 200 4 - Kit—/E
Softmax HiffigiH, 139 %H ( transition-based action ) = E.tf Batch size £ 100 > Epoch £ 5 5t
REUSRY » PRIMEAERIISR L - MLP 53 A 50% -

AR A RS AR 2R _E R 2 e SR ss A T E RV - FrL M ES B B g
AFTAE > GRU S35 stack B buffer fiEl(y > FREP# (time step) 5% /5 3 > HRHEA
A RIAR > D8/ D—Bha] DEREGERE T R - A [EH MLP - GRU 2%
TR B PR ARAE IR > stack ot > AIFRFIETTVAT AT AT > GiFAEL T ST
AYEEN > SIS stack B F 1T (S BT R LR F BRI - &y 1 S A REl (R ] LU B
SFHVERERUR » (B BN ARG RE 22 8 E R RE SRR - ANt — 2R A IR FRA (AR
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PAATLUBHEIE AR - 5 15 B 0 L S8 stack RTFRINTSE A 6F AL BIS
FEITHSEI stack SHEYTEA 18 - iEHEHE A GRU AR (BN RS B B FIREAEFE - 7E0L
[T« GRU 33 ERIEISHS + 8115 200 4 + stack fil buffer #) GRU 3352 4—
BE » B4 T stack A1l buffer (98 & B L8 A softmax & » JSE19T MLP — 21
BT -

BEE PRI A E RIS » (SRR T R R B
(Beam width) 7 10 > THFZCH LRI 4 & > AR LA R AER T
510 ELEY 4 [ATEETEH1E - FPIET LI 40 (R BB s H I 145 S S
Mo TN 30 B E I TP ST > LABE BT ErEA 1 RAE -

*® O AEFECEARER

UAS LAS UAS f1-score | LAS fl-score
Stack-GRU 88.5% 83.1% 80.66% 74.17%
+beam 89.8% 84.5% 81.05% 74.54%
MLP 87.5% 82.7% 79.28% 73.24%
+beam 88.3% 83.5% 80.45% 74.71%

VU Fy{iél 17 MLP Bd GRU FARIFVEER - o] UG HIE 2 #1501 GRU RIHLEE MLP
4 o EUZIIAEFFRERES > LAS AH7 0.4 > EAENIASE MR ZREFAIZERE 1> A R IR
AEE AR TR A R HRAIRE & AilsE AR o 2800 (E AT e H VBl ss AR - RIE
MLP IIAGE FIHRERFIR LS - IR EErash i s s A —20 > GRU $i#
EHVFATERL R BURL > AR A SR S AR A A TT T (% 2 E ARy TGS AR. -

d ~ 4w

TEARATTHEBL 7B AE T R4 » S E B AR EEE B = ETE es LUK
s PR > BRI Y share task EEAE 0.42 2 0.74 BT T0%0EIRE > BRHETERE
EVEHAVE Y B 2E S BV D 55 AN B/ NGB o H RTAE LS 1M R A e B R
—Eim A1 CRETEE) BRI SEHRE A ITBIH 240 - I H T @R E RSt
EofEA - YRS TP SOy B AR RS - A HIESY - W BRI RS BRI
D2 > WIfE] graph-based J77% > AIERS EEAFHU-RIEHE(ZEMRA (% - 72 DUtham SU/F
FsbaiH > B ZEHNAMI -
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