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Abstract

Dependency parsing is one of the core basic tasks of natural language processing.
Given an input sentence, It aims to get a parse tree which describes the syntactic structure
of the sentence. At the age of traditional machine learning, high-precise parsers require
large treebanks to estimate their parameters. At the age of deep learning, parsers which
apply neural networks get better performance with the same treebanks. However, for deep
learning, the needs for large treebanks don’t decrease at all.

As a matter of fact, resources for labeled treebanks are hardly available while
treebanks of large scale and high quality are time-consuming and expensive to produce.
One of the most promising approaches to this issue is active learning. Active learning can
reduce the cost of annotation by choosing and annotating tasks having most
informativeness.

The common method used in active learning for dependency parsing is annotating
uncertain sentences completely. Actually, some part of the sentences doesn’t contain useful
information when training a parser. This paper shows that annotating the whole sentence
isn’t the optimal method compared with annotating dependencies which is more flexible
and effective. Furthermore, to compare full annotation and partial annotation, this paper

conduct simulation experiments with several uncertainty metrics.

Keywords: Active Learning; Uncertainty Metrics; Dependency Parsing; Partial

Annotation; Deep Biaffine Parser
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F1E R

L1 REHAER

A7 A)iE 3 (Dependency Parsing) F& H #R1H 7 Ak PGS ) — DL Ak 1 AE 55,
RN AR (5 B RGEHEAE S HIATIR . KA A il i 70t A) 7 R S5 Rk
NEERIN SRR

BEE AN AT, L IVE R, WRAFRRE TR SOR ERTERE 7 RCK
eIt R L1AR 1.2 8o 7 HERPERSR T, B, REAEp e RZH0EH K
B, BDRE ERUGHE S KR A T AVEA T S A kai ) (RIR D) « — &, ™
LU I 25 18 B 52 258 (R AV AR AL « A5 FH SERS S0 X 2% S5 M SR SR TR R (P g o NS 12
MR R, B A AN BE T SE M PP S BN R TR A R e . BRIk, B
JE BRSSO TR0V I3 B e HERA =R — N PR

% 1.1: ZRRAEEE M ARTLAE PTB-SD 3.3.0 A1 CTB 5.1 _EGHERfZR

. PTB-SD CTB
R Fo
UAS LAS UAS LAS

Zhou and Zhao (BERT) 2019 97.00 95.43 91.21 89.15
Ma et al. 2018 95.87 94.19 90.50 89.29
Dozat and Manning 2017 95.74 94.08 89.30 88.23
Kiperwasser and Goldberg 2016 93.10 91.00 86.60 85.10
Chen and Manning 2014 91.80 89.60 83.90 82.40

SRR AR IS AR AN TR, s 38 FH Bd 34T U1 2545 B R R VE 0 M S AE A
AR R ILAN AR R, — BN B 18 s, s IR R AT A 2 R
NNk B2, RIS FNE BRI, PN RITERIR R . 5
JiT, Mg Canfldd, REVEOY) ABHEEL IXREAERNESCAR R EL, S4BT
FRE M BRI R T BRIk A L3R (R Y — Rl AT A, X T A AR
G NTARE— S8R RO



SR EATE SR (130

& BN 0 TAME ARG M AR, AERRE — ST 0 4] 1 5K S 0 2R e
B, BHARER R TS REBREAM TaEs i il gk, SHbRIN, F3h%
2] (Active Learning, AL) & fEil i85 IF N TARE R Shdse A U B 1) o AR5 4%
AP D FRFERM (Olsson, 2009)M1

1.2 FEHFEIR

FHEACEE N B TV Z HIRE F B RAES B0 & R E B b
PR EE AT . AR ST EORIE EAERNE T IR

fegt b, ERRES i 3, — AR TS, B ER e
R RVERR o X 58 BE ) ) TR N R A B T AR IR 7 PO 245373 (Full Annotation,
FA) . Tang et al. (2002)1'F1 Hwa (2004)P1# {87 FH AN 2 VSRR 7%, IR A)E S
AT IR 23 A R 1 ANB e PR 5o AT TR, 23 B 8 0 H 1 ) 1 R AN
JE o XA TAEMIIL[F] RU R AEAR S5 220, RB R 7588 a) . (H)2, 1EW1 Mejer
Al Crammer (2012)¥WPANIIIREE, AT EabRyER, PRl B2, ZEn. H
B oM. EARZIEN T, AT IANEGEH AT — 50 R A E ). FRiEiX &8 4h
Fymy LM Hr 8 32 5, M0 0 R R 25 4 W] DAL 3 T A AT D843 8] (Flannery and Mori,
2015)5, FFRHAR TG JIRAREEAT

bR ) 73873 G B AR 7 2P  JR #isiE: (Partial Annotation, PA) . JE4F
K, RTE T R R AE T 372, AERN AT hed 1 EEBCA RS AS
Ro MATKIAEIRZEE AEBREM E, WEEN) T, B/ T8 5 or] R
R WE M . Sassano Al Kurohashi (2010)1 2L 754 H 7] B3t 47 E8h2% 2], fihf]
F—AN 0 28483 A5 50 /MR EE CH SO FERF, FFibbnyE 2 FIW S X 2 A2 5
FAEMRAF R R BT bRiE, AR T 55— R E— )7 A E 1
B3E], AR SR T BEHER AU, AT B B A R AR R, RIFRIEAE
5 R T B A E IR R R

IRBES: 2IAT DK, X TR R85 B 30 % S R 7T S b B &5, AATEE
ISRV A R FH A 28 0 28 SR T+ A3 70 B O HERA 38 o AR SR B8 — MR B e HE AP 48
B BEAT AR 0050 B T8 7 T 1 .
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1.3 WICABMEH ZHE

B G, ARSOHAF FNEARA AR b AT 1 el S 241, B UER 1 261
WRAFENREIHTRESS, IFUH#E 1 Eisner iRIY5I5E . ZJa, FEBL 1AL 2 2 AR A AN
RIS IR, JFPEAIE 1 IR WA S e 2 B9 0 i 4 o

Hk, vl 7 XS], BARR 7T s 2 05k, I8 1R TR L
Lo A FH AN E PR

) BEAT RS, S SRR A R A e M, RN 1 R AR BEAT A A A
B S A R

AN 5

B1E: &R, ARETFEUY T REANES I B3 T K E AT 0K,
RGBS T AR AR

%28 ETERNMEKRFAED T RESLRANA TIKERE, DR
IROMAESHIE o BJE, 8 17— R T B AR MESE, FF VAR an T H Eisner
FARR B BORRIMAF 7 o 855, 28I T AL ST A A AT P RS AR AR AT s 11k
AW, FREE IS SR ERIE NS 45, 91 1 i R 4 o] g Rl e . e
Ja, VELHEIR 1R BEXUT S 2 Ak B ds .

B3 E: WEAESTESI¥EST . ARENA T2 218, KRR
THEF A B SIHES R HR T I B SRS . SR)5, Sl T A SO A B A %
MR, AU TR RRE T BB ST RE,  JEFI2E 1A T AN 2 TR

54 B BRSEW. AESCUH] 7SR RABE, RS EREN R EAREZ
[BIBEAT 1 SIS EE, 2 Ja SUAE B — A7 IR ) AR ANt B A7 I Sy bV e 34T
VSRR, mEasEAAE AR T T R4S

BSFE: REMBE. KRJNATHI TAET 184, ARIR T AT UL
JrHN TAENEHATY .
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%2 B ETEPMHERFRES T

AT S TR B AT A SR MRAFF05 03 My 5 B S S UFRRAn AT R 5 T I 7 VR EAT
AFA)EIIHT . %5, Ui McDonald F& GERFEBSBUIE . BOm, TRAIHHIA TR
Pis a3k o b s o

2.1 KFRIE

FPERIT TR A2 5] T B AN BGER 73 B TR 98 SR AR AR Ak R IR VAR
F—ANZK5], AT LB Lucien Tesniére i) TAE. IKAFIBIER —NREARK: Ak
SERA 72 AR AR 2 ALK AE (BT RRA ). — MKAE R RIEFEE A, 4y
AR O A ] o LT SCBC A R B AR AR O AZ L], Ak T M AT () BRI R O B
Witelo iGN,  “SEMN/AET v, CSRENT BME T “AR” XA EL IR AR E AR
KR Hrr, “I87 Riztid, “SEm” WRBWE. ERAES, Sl e
THIMEE R G, FERE AR AE O R B BRI EE R R3], R B) e — A A%
O3] HE 3

—AME) e EiE IFIEMEE, MATE RN EIRRR. 3hRKRREKE
KFRo WAERNEX “FI/”  “BhE” XA KRB HSIEAE LT, M
FEW R Z R TAFAERAT R ZR, RIS BMRAT AL M. HA2, FESERRR A,
—IRERIRAT R R BARSRA, R ER R RILAANEER, MEREWRAF )L
I3HT e MDA FEA R OARAE R R I HARRAL, 0T T A B ia] 2 18] 02 15 AR AR AR %
FRo K, A5 PR B# L TR EEMRAT AR

WRAF AL 2 —RRZIE 18] 7 B AR E5 R R, AT LA SR 7 ) 7 Hhin] 5 1] 14
FRFZ, AP 2 BB R R, KB 2.1 S T RN sl . iA74)
IR b B B A BT RARAT IR, BN RCE AT AR R A R R e — SR ARAF I —
O Aa I —AMERI A R, A% Ol da g i . AR Z FHRIAE S, SR
H AR MARGFR R, BENEAN AR 7 R—#&. B 2.1 4, $5RRIR
A, XN IS S, N T R R, AT DU A b SRR

—BRE TR IRAT SR 75 20 2 LT = ANk
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(1) MEIRA R R MaE R =, IF B R e R

(2) ME—ACH . B TR RBLAE, BT Rl (BIRD A HAE — A5y
O Z0I) .

(3) Jo¥h: MRTTRBIHE S HA %, B2 RINARER L.

210 AR
2.2 WA HT

WA AL M 2 B IRE F AT R HOR 2 —, BRS04
SIHT AR B F I RTREE R, FF e ST Oid MUE IR 2 R &R o W F— AN N1
BT s=w.w, , KA AR BT I B bR 2 S — A AR AR AR R
y=fh—>m:0<h<nl<m<n}, Hod, |y=n, h— mfQE—FMZ0ih BE
m BIAAE IR o SEBR I MRAE B o0 AT 22 256 B3] () 1R VAT B, S R AN B AZ 0 1]
—ANERE T RR BN 2.1 PR,

R 2.1 PR ARFEET BRI

Fe 0 1 2 3 4
FALIH] $ E54 v —% KA
{EiR PN VC CD NN
i & $ KA &
iR 7 2 0 4 2
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o 2.1, FIWr—SFARAE I AR IR R SRR 5 . X T TeAR 28 IR A7 A1
oM, MR TR BAKAE IER R (UAS) SRVFAL 23 AT IR 45 S AN 23 A 4% 1) 14 e«

_ IR L i B A

UAS —
RS MR kG 2.1)

W ARAF AL IR E) TR ERESE M, XRAE S I NETR R, 7— s
R AT BB B ARE T AL B SS . KA R R IR T IRTEAR T [ T8 SOCR &R, X AE
PLESBIE. % ARt (B BB e M 2+ f . B, PLEsssEs, &
TR R N SOR BT ARAF AR 0 i, LIS B)A) 7 (45 H, T IXLe R34 2 T AR Tt
BHREAR I TERE -

2.3 ETERKFE ST

IARHI KA VLS M 7R T DU S Hh 20 i 8 B T AN T ). 26 T5E
T IR AFE N TR 2 B AL R — BR AR R — RPN CEERIINZ)) , FFISR
— /N R RO B R AP BUH R AT BEBIEST 4 K48 51 AT AR o B T AR A )
BT AR I E— AN T R S A T (] R, 2% H bR 2 5 S — AN T 4 iR
Ko WLy BRE, IR AER AR 0 2 K T BRI 157 . 5 SR 454K
TR WA R L, A SO B T B TR AT A A0k 2 4

ETE4A)%E 24 (McDonald et al., 2005)75%E ST —ANTE 7548 F A= BOEVE3HAT
BT BT R HEZE:

parse(s) = arg max scoregjopg (S, Y) (2.2)
ye)(s)
SCOregjonal (S, Y) = z SCOr€jqocq (S, Part) (2.3)
partey

FEZAEZETR, AT —MaARa T s=w..w,, s R AL IS s 1
—NEVEANEE TR . — N EET B AR T R AR 02 9T 7 B score(s, y) o %
BB R y € Y(8) T — MG, V(s) Ravh) T s T GIAAT R0k 4k

8



TR ZFARE BT GBSO

o BATEAE Y(s) HIENF 00 T K AIHSBR AT 73 AT AR

N T ITAEAT o8, — RREQIEA (4570 18 S5 R IR A4S 70 i AT e ] LK 5
FEHRE— I LAICH EF 1A (McDonald, 2006)1!, 33X 2 A SCASFH (RS . %45
R — BRI, SR E XS SIS A TIT 70 o B, AR A4S 20 B P A I 45
orAe HE B BOR GRS R T R E 2 W E B, EFREER IR
%0 LAY R 1 [ A9 73 3 — N 145 20 20 il B A L] b 45 MBI A] m A ARA 5K

h — m 755 il

parse(s) = arg max Z score(s,h,m) (2.4)
yeY(s) h—mey

1T AR5y, 185 S A T DLAE F Bisner ARAY 12 kA5 5],
2.4 Eisner fERSE

WA I 2K ST 53 B score(s, h, m) I EARSCIL, JHBRIXCEHAIE T s HrE Al
REMIMRAEINh — m (1355, 825050 A AR S5 R AR 1 1 - Hem 4570 B K I — R B L
RUEER . TR EZE AR : X T —DMKEA n 8T, B &R IRAE a2
(AR A )T FE DN T 8 E G K o an REAS IS O A8 A A 6 R e vk v B
ff) CKY ik, —MIT28 0n°) FEAAVER, BLEIET O(n°) AR AR A4 ik st
e

fE CKY 5Lk, —MxOid A A e T oMERM R T —A “Ber” . T
N T FRMAAIBI Sy, FEICK AAMMIE: AR E, 55— %0
FE, Mo E, ARz E, LR AL E . Eisner (2000)X)
FEH BRI T A7 Ry BEE RN EREPEE (Complete Span)
FHESE RS FE (Incomplete Span) o 1ZEIEX T —AMZ O] 2o 1 BT B 4B 1T 1R VA 12 i
FEMIR & B AT 00, G BA B & B . ZMIOTER %O —E
BT “BSEE” LA, S F O RIAE, K R 4 KR T o(nd).
ZSEN TR INAN G oA, — AN ARREIRYIJT ) MRS AR DI S
FEIRE RIS E AT RAE MR o — DA R R s R e 5 e B A2 Bk 7 1A) |,

9
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R Lo 1 75 3 AT R AL 55 25 L AR i

“ERAREEE” & Eisner FIAN - MZOM S, EEEEH - MZOLIEME
LT Ja GAB A 4L AR 58 85 5l — M Lo R E 1K) — AN ] 18] ) i A 84
R BEASRES BE T LA B R 1) 3t P PR AR AT R SE /N B AL T R, /DN AL A
RS, K5 HHERE RS, RATAMNEEHGHR T N8 Na1, A
((SCAFPSIINE

Bk 2.1: FEisner Mg EE

HIN: s=ww,..w,
¥EEA:  E[i][i][d][c] =0, for i [0, n], d,c €[0,1]
form:1..n
fori:0...(n—m)

j=i+m
E[i1[j1[0][1] = max;q; (E[i1[q][1][0] + E[q +1][ j][O][0] + Score(w;, w;))
E[IL I = maxi<q. ; (E[i][a][2]1[0] + E[q +1][ j][O0][0] + Score(w;, w;))
Ei][1[0][0] = max;q. ; (E[i][q][01[0] + E[a][ j1[O][1])
E[ILIR]0] = max;<q ; (ELI[a][L][] + E[q][ j1[1]1[O])

Firdi: arg max(E[O][n][1][0])

2.5 fEGERHE R i8I

TR ARE I ARE I HTRESE, Beih— MR M s R OQ D SR 2 a PR AL 4%
IEFRRRFOE R 2. AT 1, A9k M a8 T HbIE RRF Ik R B0 45 5 2R P A E AT
. XELAFE R B2 RIEMAF I — Sz 0w e bt 4, a4,
o m BRI AR AT 4, B BRI AT A, O IR AR IR R R B R A 22D, ooeeee o
RFE oA B0E 5 IR AR AL, BN RFIEBAAR AR S B 17— oot i3, %0
a7 BRI AN A0 (R AE 17 e, n 2R 2 1 IR AR, R IR ) 1, &
2, AR 0. BT LEE HTE IR, X “3R/Z T TR, AL R 2
fbid g “g”, Bl 7, “®7 AR “shid”, 7 ErEE AR

10
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W7, BMAZ R B 1, e .

N4~ McDonald et al. (2005)7M# FH FIRFIERA . W13K 2.1 Fios. SRR
FRIEFIFE T 3% 2.1 (0 a)fl byh . b, p-word FRIUR A, c-word 18 (2 & i1 ,
p-pos $8 2% LA AT, c-pos 48 12 B Al IRl P o G 3 S OQ VR (19 2 B 1] A £ Al
AT BRIELASL, EF R T ARAEIRE) T 1) DA S AZ o1 5 A& i ] 1B B 2

B2, S A SR 3 1Y) BRG] VDR S0 AN R B, DR A it 5 B3] tH R
N SOR F T P A ] 2 8] 2 AFAEAKAE R R FEUR KIMIRZE . N T il Pdx A e,
McDonald 3NN T HEPERHE, FIE TH 2.1 1 o). Hd, p-postl FRZZ 0
Tl SR AR (3R] 1, p-pos-1 F IR A% 0o i) 22 3 1) BRI IR AP, c-pos+1 TR K2 &1
VA A5 T B BRE RME s c-pos-1 T B A8 T A A2 32 1 BR A TR ME , b-pos 8 ISR K AR
[ ) B i] () M o B — ZRARRAE 25 S T A Ol RV i i) ) 1) T A i) PRI 1, SRR =
TR A% B T, A I, BRI A . X SRR AR S HE R — L
FILHITE SR . 55 IRE S & B 7 AZ OO AME IR 1A BT 5 B SRR, R Y o 4K
I RV iR O LR TR O o7 Wi =11 = 87 N O R B PO 46 1)l DR
Mo IXISRFIESRAL T ARAFC R AT AL 1 JR 3B 1B B 15 B o IS INIX P 8RR IE BT s g Tt T
BRI M RE o

Z% 2.2: McDonald FJREFAERRHR

a) b) )

— JURHIE — UM A IR 6] ) B3] B 3R] AR

p-word, p-pos p-word, p-pos, c-word, c-pos p-pos, b-pos, c-pos

p-word p-pos, c-word, c-pos JE BBl By B3] ) 1] PR SRR AR

p-pos p-word, c-word, c-pos p-pos, p-pos+1, c-pos-1, c-pos

c-word, c-pos p-word, p-pos, c-pos p-pos-1, p-pos, c-pos-1, c-pos

c-word p-word, p-pos, c-word p-pos, p-pos+1, c-pos, c-pos+1

c-pos p-word, c-word p-pos-1, p-pos, c-pos, c-pos+1
p-pos, c-pos

TR BDRFAERLAR, — MR IERIER R 4(s, h, m) 45— FK MAFIRh — m 73 C 7 — R

11
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PIRFIE & FRERE R N CREANZ 0 B2 1, BW: [L0,0,140,0,0,..]-
McDonald BA K K53 Ja L1 TAEERE L —A VU 7] & w N S50 R ARl
— IS5, BAIR 2 ¢(s,h,m) 5 w 1) SFH:

score(s,h,m) =¢(s,h,m)ew (2.5)

2.6 Ml BIIRE

FEAL G ARAT )32 70 i, BT BR AU — N BRI kAR, PR 9 285%5 REA F AT
ABIRIENE, LRI A X @ . — B — R a7 — MU F R R 5
BALZ ER e TAEB S 1ZEE. Lk McDonald 252 T E M A1VE S HTHE H 1)
18 MNMFAERSIAR LA K Zhang F1 Niver (2011)10%5 35 T3 78 (10 A)7E 20 T 38 H AR IE 5 (B
20 MZOFHIEAT 72 MR #RIMAAE, HASZ 7T Z KR .

T4 tH— BT BRI AR 2 — AN FLFERT BI4T55, VR 20t 70\ 52 R 2210k
TREIINT T BB A IRAT, oot mE S e mgE R RrE a2 IR 2
P, A AR 4E 1A 17 B (Word Embedding) 1 F 35K A Wi 2 1 . Chen #1 Manning
(2014) MR A3 o3 A s v B2 DR E SR A R 7 — AR 25 AR ) B, X 6 ) B
JEREIER LR, SRIEHIAB— Mz b, 1028 T AT 7E Hb Al B2 BF S R AR
G o REFKmMEMNBEEME T F LIHATREA AT R, (HAATIE 2 752w L —2
OFE. 7F Chen A1 Manning (2014)!M U TAEH, FHERR RN 18 MR E, 18 4
TP ) BT 12 MRS 1) B IR

A [ B R T RFE AL FE S ORG T, T 3 M R TR ) e ) g VA A BE
HBIZ M4 458 . E Dyer et al. (2015 TAEH, —ANEFIEB AL
AR N B D I T — > stack-LSTMs, MR IR AR ANVEM 1 — AN LA
Fono (B, XFTIEEI W RFIE TAR AR 5% 1) T S8 T RE AR 3t

12
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2.7 REXU S SRR AT S

AT H Dozat 1 Manning (2017)/3VHE H (RIR B2 ST S AP 2 (R AE AR 20 BT
Mo W AT TAE, Zaras— 7 i R 5 B AMZODRFEE NN, 55— J7 T =4
22 W e B AR T B, AR ZE R W& 2.2 i

Il(ar(,'-dr‘p) el U'((u‘(:) 11((11‘c»hrad) S(ar(:)
T
@ee)0 o coe 560
[000]|® + _ | eeee]
[@00]|® lele [co0)
C o () C )
MLP: h(‘m'(-»d(;p)‘ h((l‘l'('-]lﬁ(l(l) m 000 Y %)
BiLSTM:1; [Coo0@e0e)— [00e0eeee)-— - {0000 @000 - [©000 0000
Embeddings: x; =] C_aE)
root ROOT Kim NNP

B 2.2: RIS a3 M s IOZEH, LI SIRTE[13]

A, R RS P T RN R, NS S REROR R, AT
B EEAMMX 7, PEARIE DT E .

2.7.1 FEX KBS 2%

TEHMZE M 2% (RNN) 2 I RER P FIEHE K, Bl — AR T s =w..w,
g b, NAEE SR m] KeflRist (Markov Assumption) SKEAF A% %, 1 RNN 4
RIGRAE T — N afriIHESE, UM 1 3 1 B Py s skt . BTk £mN 1 2] i A
JLE, — I RNN o AT I ES 1oz . UREA A 2 (BIRNND
#& RNN BJ—"M e, H—AN kR RNN Al—A A H RNN ZHE%. BiRNN BE5 &
FTEER R AR, XNFEE T AKK n B i NoER. ACEHRZ RNN
FI— ANk, AT B IRiZM g (LSTMD .« ERE4kA T RNN PR, SOEE ]
HUHIER T RNN AAAERIRR LR ERIRR W 2R 0 R, BRI, LSTM & Haid) iz A H

13



TR ZFARE BT GBSO

(AT 7 BB AR X 2% o AR SO FH X (1) K A I AZ 4% (BILSTMD) K174
fEAh

AR LSTM B EARGHTS, 1244 LSTM (o) B i — /M AERIGR £, &l
—/NH 0 AN A XX AR R A B s B n AN 1R & L, AR R A,
B LSTM (X1..X) = H..by o RN F) 5 v, #002 DU BT RN 8] 5 X0 AR 24
f:

I =LSTM (X..X, 1) (2.6)

BiLSTM H# > LSTMs 4%, LSTM, Erﬂiﬁéﬁxiﬁi)\r“ Hl, LSTM, = [l st B
Hl. BARTE, MTREM B mEL, T ouEd AR 8

I, = BILSTM (Xq...X, 1)

(2.7)
© FoNKE I I B B BGOSR, XS R R FH X R) A S ) — Ao ] A0

7£ BILSTM HyZEAt b, #F 5N RATR I T —# k JZ BILSTM Z244: deep-BiLSTM.
B & B k A4 BILSTM : BiLSTM,..BiLSTM, ¥ & 1fj & . BIiLSTM, K %
BiLSTM, (X...X, 1),..., BILSTM, (..., N) 4> i A Y] BIiLSTM, 4 I %1 A\ . Irsoy Al
Cardie(2014H)!' IR FE L], IXFHES A R . A3, #EFH k=3, K 3 4> BiLSTM
HeBAE—HL. AT HERIE, ZaRINEF M BILSTM 48FR deep-BiLSTM.

2.7.2 RfEgRG
EBhT BILSTM 3R KM AEAL A B S, AT LA P B ] A B A0 e i) 1k 3 79 A
T, B AL GE I3 T AN R R 0 o

Z5E — MRANR)Ts = w..w, u&xtr“mﬂrwm oo EATTAH SRR ) iA] [ 7y
IJEI WOI’dm xvord ﬂ\/{agmvrt]ago /I%‘ilﬂrﬁli iword %Dlﬁ] ﬁ[’lﬂ tag il%
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x; = vvord @ yfag (2.8)

A1 FPH X... X, ZJa &5 A F] BILSTM 1.

i 1 B RS R BRI, T % R B R SRR T ARG B R . s
A3 2.6, BATDUEEIE S T b R SCIRHE R v 0 T4 s = wyow, » 1 BE 3090 w,
PR T, " BRARED T AR G, Sl 2 A T 24 wy...w, 12 5 F T
B W Wy o AR TR IR B 10K/ B R SC, T MeDonald (R A4 4
{5076 F8 7 S 2 B2 S AN

2.7.3 AR

Kiperwasser 1 Goldberg (2016)!"E 4% BILSTM i i iH EARL LIS 70, H
Dozat #l Manning Jf- % 2ELE 2 B, T2EIERAT 281 H 2 /2 A5 (MLP)
XFr EATYEFE SR 0F T8> BILSTM Hath & 7 B4 2 08 (5 B IR HAZ O
], WEI A &R, HERRATA B AR A S2BR L, W R — 2K F 9 h > m
14555, FEATEE h OIS B BL B m A e 1nE R, A m B
WER. AT, nEEH T Z2RNER, XSG RAifF pESER T UITH N
bR, XFn #4400, A BT REHLFHT S L RIEE, WE X Pis. X
T4, #H ReLU-MLPs A= A8 1) &

hiarc—dep — ML parc—dep (r) (2.9)
hiarc—head — ML parc-head (r) (2.10)

Ere-08P LY T A S I R A0, SRR SRR T AR

INCEREE SCE

15



M ASEARVE LB (830

2.7.4 XUGEHHT 5

A TRHERR, BT LA RATZ AT 43« Z AT GE 2 F—> MLP 4743, 1l Dozat
1 Manning {8 F 7 XU 28 8k 1T HAF 5y o — AR ST AR % 4 -

s, =W xh; +D (2.11)
XU 5 A8 H S AEAT S AR i b, AR — IR S AR e

5 = H arc—head <W x hiarc—dep T H arc—head <b (2. 12)
b, WARSHUERE, bR B, HAC " & dy i ) hd™ e i i s
FEFE, xFoRFEFEMER . s A2 ] w ROV B IR B IR A 70 R &, T s RoR

WA |- i 14550, SEBR b, B X FoR, AT RL— R VEAS B BT A A IR 753 75
S = (H arc—dep (-Dl) xU x (H arc—head )T (2.13)
H arc- dep Hﬂﬁﬁﬁﬁ’] harc dep iﬁ%ﬁﬁﬁk H arc- dep (‘Blﬁéﬂ“y\ H arc- dep il f‘bﬂ ﬁJ
HEAR 1, U ZHBEW filb & R S 806 R, Gﬁ““”)%Tﬁﬁ%ﬁﬁ%E

o S EPTARAFINIF D HFERE, S FMAFIN j —i 197> . )il Eisner 5
] DAAS RIS 7 e KN AER T
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¥ 3 E KEAESTESNES
3.1 3%
3.1.1 E3FEIF/

T RANTRE R AT, Haz o BER: i (WIESERE) %
SIEERNS B F P TSR EdE, RIEEA A i8R A2 D, Bt n] DUEAS BT
TERAZE (Settles, 2010)1'9), % T I B %% 2] % (Surpervised Learning) A | R 4F
PRI, & EAERRT FT AR B AT IR, SBORiR 1 5 2 R 3 DA
SRIGPERT o A7 LU i, S AR W 7R AL SR (B AT ZAN) Hiaes 5.
B, NATE I G ERRE S AT IR, R AT ZE A A A A R s AT LR
FIX PPN 25 FH P AR LB R e B 23T, AT a4t 7hR%E, HRxtT
2B SRR 7 IS, RGARE SR AR M. FERf . S5, BLR
25—l

FEIEE R, SRS & R E 2 NN, BAREFERS . Zhu (2005)
U7 5 3], B BAa] HEAT ARIE, IS4 A6 2 RIS 8] bL S B 1 8 AR [R) 224G (— 4
PREE S ZEH R AR R R AR 400 R (o ik e
RIEEANEFRE) o MBRIWAES DA S0, LSR5 R,

i RS R R i) 83 ) — o b L T VA oA A8 SR A8 O B A5 1) B 21 B
FELRA AT B e 2R A [F] I, AT Re D bRy SE], BRIt ME T 3R AR
BRI - FEVF 2L a2 IR EE 2 2 @, BdE -+ F 8, HR Rz,
FEIX LA P A 32305 ) R+ A Bl Ul 8 BARTE B A B AU, A RS EE 2
Wi /D H), TOARZECAR AR TR 15 . T R i/ D bR AR, T3 I3RS Tz
R, KERESW LU £ 305 > N H R

3.1.2 I ERBEES]

F )% SR W B 2% 5] (Semi-Supervised  Learning)# R &) ToAR S I B, X

17
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PRSI E] — L S MRS E AR R E . flin, — AR EER A B EOR 2 B ISk
(Self-Training) . BRI /D& ERSEIZHAT NG, RIEH KD BRI
(R o AL 1 8 1) o R 25 S2451) DA ST tH R 2E o i — s In 2N 285 vh, 2R
JE ARG, ZII RS AN E G, FgiE 3y, WAFAER B GO, R
AN ENERAFE (Uncertainty Sampling) « B8 & AN 2 ) E bR 25 52 2 9k ok, A5
FEHHET I RN, AT LUK, T35 SR B 5 > AR SR 7 o) SR g 7]
—/NA R e is GRS EE o o R ) s A R RS B, EB S
IR B ROR NG R . HEl, A —MEBE YO T3 & — Ml HoR, i
AR DLBAR TS F 2. kbR b, 58] LUK I M ) TR R R A AR

3.2 ETFEEsEY

3.2.1 ETHAE

F GRS 5, A SR 2 2 T (Pool-Based) [ 5% (Lewis
and Gale, 19908, WK 3.1 from. ML RV 2 mdid, KE IR 50 v L
MHSERR, X 75T E 3% 305 R TIg s, &9IA — MM
AWRRETN TG £ — A KB TR R8I U o T i e A7 s ], # 2 vF
HEMNNEERE. Z25E, —AEZNEEEBRSEBMN U kit . — Mk i
S, #eEE A “HBERE” WS ESAREE, XN CBIEE” JEA R BT
FEIR, 308 2 HARE 3 FR i SR B] ) ELSEARAS o AT B ARAE I S0 B 5 2 4 s In 31 £
o WRAERNES T, FE T B ) B AR TAR R T

(1D FE4HTH L EUZRH— N H R aE ST as .

2 U A AT, IRl N EEAERRESEU .

(3) NLARETHRZEG: U — L',

(D) T RAWSEE RE: LoL' >L.

IRPBRIEIA 2 BB AT E SR IR L o B, U AR B T
B AE S A S BHSEE T .
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lpamiamodel machine learning

model

labeled
training set

unlabeled pool

U

select queries
oracle (e.g., human annotator)

3.1 BT EaiIESR, ZESIHE[16]
3.2.2 R

FI A ) 3305 21 Sy s BB 7 BVl AR A S A5 B, TGS B2 M 71— AR
HNE W HHE (Query Strategy) - H AT CA VF 2 B WISRIS SR H, ) 3248 FH ) S
APAN: BT A E MR T & 1R

RRRBERETNETRBZY — AN TR C={0,,....0c}, BTN 0, #22H]
AT PREEAR AR L ISR AT AN 2 53 2 B o8 2 T oA 28 S R BR 2%
XTFRZE B FRINAE 24 T 358, — A S B R 25 R — B 2% 5l &= A 15 B

S T B L fe A V2 A FH ) A ) SRR A AN S SR o AEZORIE T, T AR Rk
A7 TN &5 S e AN E () SE] o IR M7 IR R B e A E TS . TR —
AN ) PRI AR RS AN 8 VR B/, IS AR RIon) T2 hn 25 70 R 45 BB AN 72 -
MR LA, i SEBIHAE B A G D (45 B, FRiEizSe il IR s m 2] £ 4, whaT BA
PETHRLT IR BE o« A ARG B O P B bR e 2 S BURSRE R 45 2R, (B KDY smg 170 fi 5.
AL 2 MG AT AR 5 1

TEATHE MR FESRE T, 4 W B AR A E S &
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Confidence(x) = —Z p(y; | X)logp(y; | X) (2.14)

yi USRS SEH] x T T BEfIARZE . 5218, WK T o &mE S E, Bk,
FEEBE T, A — AT E R R X T e KR, TR R A E 1k
KAFFE T8 5 ML BT 0.5 HYSRBH o1, B0 0 5 it m] DUAR fif sttt 21
Fr BNV S 25 1 BE 2 ) el o B, RIS RIR Rl b, B A vl g
HISE R A BLSER, 3 2 I8 I AR AT Pl o A0 SRS T — > S5 A 28 T £
AHASE, WL B L SE AR A

y*=argmax p(y| x) (2.15)
y

x*=argmin p(y*| x) (2.16)

y* RS X 5 T RS BITRRT S, X2 5 1T S b2 1 TR 2 5 /N P 92461
3.3 KFANES T EBIES

AT T TN 2R T AE B2 S ), SRS Bk A T = AR
R AT AN, R AN AR R S A I A o RN B2 T

FERARE TS ORI A EVE L &, JFAE T Sl UL Seds iF 7 e A TS bR AL
o

3.3.1 AGHEER

P I ARAF B35 0t 352 S0 — DR AR S e B 10 5o, JF BLAE S
FIERAE AT EE R, —PRAVAR R I8 DU A 15 21
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escore(s,y)

z escore(s,y')
y'ey(s)

p(yls)= (2.17)

SR, WEEAREEH O SERRAREE S R AT LAURBL, WA INA RARTE R HEA e, AT
LIMRAFIION 322 S & Hx, AERIRT SR, IR oy “Hff
IR REARE” , B 3.2 s T MR EARER AER, K 3.3 RHIBIIRMNR, #H
] LB AR AT 52 2

$ 259 = —4% Rk

B 3.3: A 3.2 (SR b FOvA R B AJVERR AR

TE R bryE, Sassano Al Kurohashi (2010)Mg FH 432588 K15 405 N ALE X BIA
W R, 30BN E . TN 1 PSR — S A I AN 1 e 1k
Mirroshandel F1 Nasr (201 1)Vl t n M E I AE AT 3L, SRS 0 R N & .
Marcheggiani (20142 L BoR, FAbREES 7, RS RaSgE R —
MHE I E VS & AR ANE M, — AR AF I L G 3 2 A5 1 AR A7 9K
(R ITA BV AR B 2R A0

plhh—->mis)= > p(yls) (2.18)
yeY(s):h—»>mey
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e b, P2 AT R 2845 70 BE R n AN AR TN TS, 12
LGN AN AN 8 PERE BRI — 2R RA7 I, R R B2 S3E . UV E SRS 2
TSR ENE T . B, ASCR LG A2 2 RFPRE AN E R R

3.3.2 AT HERE

R T T, W AENERFE, AT aelnEaikl K NMT, B
PREEHEATHI SR AEM SR . FETOR, NI A E TR .

FEABRIE A, T AR fe A (MRS AR e PR f o SRe e 4 75 SR P A
FREM A RERR 2], FTLLA R R R R Bk, R R n AN RIER,
BERETE N, Hig b, WeR p(y*[s)Buh, AARREMEEs EmELR.
HSCs b, A7 R RER AVE R B 2 il ) T KRR U K, Xt 3 80 Tl
I EER AORE R 0B o AR B IR, A KA T2 IU et th . A T 51
U — A SRS ) DA ZE i 12 ) L

Confidence(s) =/ p(y*s) (2.19)

GHRT ST, RIS R 2 MR ERE, REIRALA TIN50,
A GMRAE EbRE PR R A R X TR, AEERTFE e, m
B EITAINIAGRERM . 5T RR MR 1, F 258 R T KIZRRNT, H
BRI HEAT A AR AT

ey PO M)
n (2.20)

Confidence(s) =

RPN E 1 ) AR A R L P G
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3.3.3 B—RFINE R

BRI UL ) T 10 52 MG MR LR B 9 S, S A7 I = 2 3 66 7 2
L RIMTE S IR AF X R b, R A T 1T 2 5 TR A 40 1
AT, . AR EEN2E I MU s M ANRRTIE (037, 22 b bR HEix
B T . R T TRARRERR, BT T M R i
SAEREERNES AL, £ AR B R HORSE £ s, B AR B
WL o, HRIE T HHESAE AT LU £ R

A8 57 e B S B2 ST T LS PR A ] gt T R O AR £
N

ho =argmax p(h—i|s)
h

Confidence(s,i) = p(h® —>i|s) (2.21)

BRI, 0 R ROTREN B p(h® i [s) M, BRI HE |
i,

T, PR R0, K RSP TT DL 412 I T
AIBERIAZ LI, 35 FE AR R BE A L i

ht = argmax p(h—i|s)
h=h°

Confidence(s,i) = p(hO —>i|s)- p(hl —>1i|s) (2.22)
hi 20 8 AT RE A O], X B AR ) Z2 kR VAl A e 1. R 20K, HRT

X AN 5 -
EIRPIRR AN E P R A U A R R AR = .
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3.3.4 HEKRFINE IR

B ARAF NG Ry AR T R OGEARAF IR, 1Kk S 80—/ 0] G B B i v]
SIEF BN IR RS R . XGRS, bR T 2 R — AN T
BB A bRy — N ], IXIE R T INATSS B RIR 2R . Sibr b, bR SE 4 nl Pl
M RRIE A R 2 A ]

%2 3] Flannery 1 Mori (2015)BI AR JE K, AR SCAEH 15 Tt EARAE IR bR
R ES)ES], XS P ) T A bR E R — KA IR = bR v E AT HT R 1K 7 %
HEEMRAF MG R FARES, XU N K DMRATER AT, R5E WA
T r%R AN E R ], AR R DA R H X SN E I . AR S
27 Lietal (2016)PUrb iy = FhoAH ik o

SRR, BT R 25 R B T AR A, AT RS AP AL G R A T
SRIG, RTEANE AT, IS 7221 H r% 1) B .

FESE R, SRk ], B AT, —FMEE R ISR ZEE %
[ AN E R . X TR, OGBS Z R FEE AR R, it A% E
ABLE & T r%I1) Him] .

B Ja — PME RIS A LT —HE . AL, FEVPAG— AN my, B R S
) B IR IR SR AR AF I A e, 17 B — A A7 IR i v SR FH PR P

R =R AR IA G AR LGEMEE . FIILGHE.

2y
Ae
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%4 E Bl

NI DA EEEERPCR, HEETR . H2, S sedekit,
AERREE AT SEPRbRIE, AR AT BB AN 7 A H AR RK T IS, 12
ARG RO AT 325 2] S A SR SRR R, R A P AR A
PREZEIAT, XA REAALL S AR 5 S

41 LHEE

A SN EE (CTB) SRACBEH ST, FIZ N R AL BESESC (PTB) .
XA EE SR, ASCENE T ARMERI SRRy . I, fEH] Penn2Malt £2/57, T &3k
WA A LR BRI, R 26 )5 5 SRR AR T T RAF S o DR AR AR T2 3 2
AFRMETHEINGRH I EE b ds, ASCAREKELE 50 LINIIAT. £ 4.1 BoR
TEIEERGHE R .

R4l LERHIEST

VIS FRE AL
IR 14,176 803 1,910

CTB o
IR 312,005 20,454 50,319
EIRE 38,992 1,700 2,416

PTB o
IR 902,004 40,117 56,684

A R RIFARE B2 S B, SRIR BB AT IIZRER S AT Y 500 4>F)1

TENMFAREHAE . fE2ARE B, BEA K=500 /N800 6] 74 1% R bR
TR —RAFING R hrE R, R4 3% STk AR M=10000 M Hi] . 7EREER K
IR RN R, BRFEH K=500 NMA)F, I HBANFOCa) Pk =20%00 5
], BFAIECH) T L r=10% ) # A

XF FAREARE 7 A e R, S— {8 UAS BT IEA

25



TR ZFARE BT GBSO

4.2 AT HREEN LA — R IRE R AR

AT AR R ERAREREAT T LUAL, R B AR R A A2 A7 IR
WG /TR TAR, D8 7 Refs BLRR LB RIARIE Ty 30, A SO I bR A7 I
PEDY x BRACRARIEAR Y o (8 BENLIE R I iR 45 R a2k, JF AT £dis £

WZRHIRERL) UAS 1E N B

32 CTB ERIZE B anE 4.1 Fiow
T asbeid, MEFRTTLUEH, REERL S+ 08r, H—Ib R r g

KRBT Br B 1 BEALIE R R L TP 2L G2 ) L AE T A B BUE R T e w

AN E VR
X JREARE, PR AT R Tk, XU BAS RE R(a] 1 22
AEH Ao FERLEI i, EAIIR) UAS Haind 1 H P Bl 2k R a5 0 i 4s

XA BUH AT UIZRI (305) .

"""'"""‘H..'.'-".' -4 3
_Hd___.a.—-r’ = i =TT T
88 A bl S "
x7 P _,d-—-!-"'"'
< D
- A-- -
/s »7 =
£ i
86 3 *x,.‘.fi&--'*
r v A
P
B4 #
2
] -
@ g
2@ ! if
]
r
80 .‘
I
- TERT A HIE Eif TS (312, 0055 &L
_ 'r —+- 2T FELEE
'l — - 2T EERDEEE
] —¥- 2#RE: P—{kidEE
2 ] —x- BEMEE () NEEER X
= BEMFE (B—) : higiEES
50000 100000 150000 200000 250000 300000
RERRFENSE

Kl 4.1: CTB-dev b bRiERJm FRFREERX HE
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JEC PTB EZR WA 4.2 s o I BERIE RR], TS A E M B AR5

ERERBUANLE 3 A2
Fatnik, SZAIARKR, TEAGMERE - IHEME S T3,

B2 Ja W (8] ) Z2 BRI A /N, P RIA G0 ha it B S 17 IH— R
X R EARE, 45 R 5 2T 2L WEMR R KA GRER Z K IH A A T i,

715 X S DT 8 o F 1 A B
e e rannan e A .;.-;._..-;.-._.;._.:.---::-_-'_;__:g,.._-:i_._..J:_.;;.‘,A-...;'.u“_-:h_--._%..'_.:_k...
- -." —
94 et ,ﬁr%‘x‘"‘f’ﬂ"i
A-"‘ = —— T
ﬁ” ..-*_;,.M-*-—-.;.-—--l—""‘*ﬂ e
v o -#"'r_‘___'_.,-“"
92 - z’f‘ x-—#*:-:*‘*’*#
;‘ }(fq_ﬂ’
I} #,
.- $F
ol
= o - g
2 .
ar
é}’f
88 H
[ §
- TR A E#ITIIE (902, 004547730
l' -+ 2¥RT HELRE
86 - IIl —d - SdniEc EMNDEREE
I —w- LRl I3—{kitEE
! —w- BEAEE () NHEERA
Bk EERARE (B —) - heREIEE
50000 100000 150000 200000 250000 300000
TR EILYE

K 4.2: PTB-dev I &#riE Al R SBARTE FIXS HE

P BRI AR RN, DN EPRERRAA ISR T RS, R 2hRiE,
J BB B S R LA A AREARA Y o 1008 1 SRAG A BT AT Bodis BN ZRA0 o0 A s — FE A i
B, s E, FRE 2%MIKEIN, ERSCE, T 27%MKA . Z5 ERTIE,
AT I = AR EE R A D T AREAR Y, AESEPRbRIE A, A& —FMELS R A 5
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4.3 BE—RFIRNFREIMEN LB INE R inTE

N T IR AE DV BIANFE )R] AR, 3T T R R AR RS2 . [R]_E IR SEE:
—FE, AR A IECRAR DY x il H P BRI G RO B 5, ERAE
PO GMER Z2 1) B AT I R BT 5 RA 2Rk

F13C CTB LIS R 4.3 fos. b FbERE, WETTUER, =D AH
SE MR Z AR REAT LU, RO =2/ 3 R LA 2 1

XF LR —FRE A E AR, AT, MERN =D AR E R g R

B —dpid. MEZ)E, AR, BRAREET A
BB -
Nt et
.—._)e_.-"x’.‘
Y
86 - -
YT
B
84 3 A~
&
% o
] !
< 821 ek
i
i
.lf:
80 U
G
I
- ) FERTBHIMIE EETUIS (312, 0055 A1)
; BT () - iR
' BT GLE 20 PHNGEEREES
] - B GHE 200 MR
BERE (LR 209 TINGRE
'[I] 10'[::(]0 20(500 30'[;00 40(::00 50(;00 60(500 ?0'[;00 B’.J'E:CICI
TR E

Kl 4.3: CTB-dev b H—Adtt &5 EbriE FIxs L

L3 PTB _ERIE R U 4.4 fro. wILAE, AEFSC EREA 2 %50
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94
o Bl %
T2
e ia
JOPEx
92 1 o
Yt
= 9 A f
=

“

¥

[
88 o

f
f: """ FERT A AISE B TS (902, 004 {RTFI)
86 4 BEFE (B—) . higEEs
BEMRE (EE 10%) . EiphgimERifEs
—x- BEEMEE (HE 10%  higEEE
BRI (HE 10%) . E¥hhigiEE
(I] 10{;00 2(]6{]{] 30(;0{] 40{::{]0 50(;00 5:](;00 ?Cl{;l(](] Bﬂ(;lﬂﬂ

IR ENYE

K 4.4: PTB-dev I — At & & 5B ARvE FIXS HE
R E N R brEE e b b s — RihriE s 5 7 — 5, (2 WL EAR AR I

B> FIRREA KRG, KR EEER N JFH, WRAEZRIERL, PiFhr
VT I ) ZE B A A AT
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4.4 WAL LHSER

I SCHEIR R AT R RIS R, T BT B SL s, ENRE EET 7.
gERLINFR 4.2 AR

® 42 WS LR

F3 CTB L PTB
IRERINECe = UAS IRERIE e UAS
B R 312,005 89.19 902,004 95.17
i (FEVLER 154,581 87.71 264,905 93.62
e CRIA%HE) 140,381 87.63 199,467 93.72
REBbrE () 60,560 87.79 61,307 93.71
RfftrE GRS 70,688 87.70 63,021 93.72

BEVFAT LU 238 B 5 UAS B 7 BARE AR ISR L = Fibrie =, (H
72 T B A IR R bR i TO i 1% B 5K o DRI FH 3R AR LU AE BT s Bl 2R )
B /INKZ) 1.5% 00 UAS B, 75 ZEARTE AR AE IECE SR = Ffbn iy AT LUK

XF T AR R UL, A TN GME R R s . £ b, e HEBEHLIEFE R 77
DFRE T 92%MRAEIN, fESSC b, DR T 24.7% KA IR

X TR — KA IR R AR, RIS R R, Pk, BT
HEMER ) EARE T BEKAAID T 56.9%, EHRCE, AT 69.3%.

S FHEEARAF IR ShRiE , A6 (2 TN SR SR Z 45 H . it T3y
WEGMERIAERRE, E9 S Eb T 49.6%FIbRE R, EISC I T 68.4%MARTE
o R — KA R E, EhsCl, TEHIN 16.7% MK, fE5 E,
TEHI 2. 8% M AEIN
LA R EEFNIMASE E 2 R, RAF IR ARV L A) F A bR D T — A
R BRI AR A IR . TR AR EAR B — R AR 7R L 2 KA
9%, HH TR T 2 0hnE R AN, bR b, BRI T RREAY .

Sl

i
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BB BENRE

5.1 Mg

Bl S AR RAR AT R0 73 W AU S A i [ L 1 — Py 28053k Z AT LA A
VAN IES R € RE AT ot o vl Y 0 PNTIOE - U=k 7ive AR A D i e e e MV 6 g i (2]
PRI IRAT A L 5R 85 o ASC B R TR T

(1) S T EEA S HE IR B2 X7 36 o 28 )3k o3 B s BEAT WA 203 0 A, 20 W
e SR ELB AT PR, E BRSO AE A

(2) A I E N B 22 ST A TT, IFRI T LR A E PR

(3) BEAT TREUSES, REUEE 7 EbREAR AR . IR AE R, K
FEINECR T, PR AT, R EARE LT S B> T 49.6%IbRER, FESESC R
DT 68. 4% MIbRIER . IXRY], ELE AN ) AL KA IR AR bAE RS fIAT Y AR
P

52 BH¥

G, ASCEET AN E MR ARG FEAREAT 55, JF HARE B AN E AT 552 B
EAGEERN. b b, GURRSESAET RESAR, SHI—F “EE¥7
IO, XIFARERR RRE LM BR TR . FEARSS ke, AT DA FE A PEATAR
VeSS GOk, PR L R AR R M AEAT 4 i SCREARGR B IR S LR IS5 -

H, X2, b feraik o tras 1 TR briE RS a, i
I Nk SNSRI RN ZR o b as o THEALLSE i 3230 >0 R R il R A
MZH, RIa¥riras gkl T~ — 8l gk, & EERGEES s >I%, H
RETE A IR Yy, I 2RI TA]

31



TR ZFARE BT GBSO

275 3CHR

[1] Fredrik Olsson. A literature survey of active machine learning in the context of natural
language processing [R]. Technical report, Swedish Institute of Computer Science, 2009.
[2] Min Tang, Xiaogiang Luo, and Salim Roukos. Active learning for statistical natural
language parsing [A]. In Proceedings of the 40th Annual Meeting of the Association for
Computational Linguistics [C], 2002: 120-127.

[3] Rebecca Hwa. Sample selection for statistical parsing [J]. Computional Linguistics,
2004, 30(3): 253-276.

[4] Avihai Mejer and Koby Crammer. Training dependency parser using light feedback
[A]. In Proceedings of the 2012 Conference of the North American Chapter of the
Association for Computational Linguistics: Human Language Technologies [C], 2012:
488-497.

[5] Daniel Flannery and Shinsuke Mori. Combining active learning and partial annotation
for domain adaptation of a japanese dependency parser [A]. In Proceedings of the 14th
International Conference on Parsing Technologies [C], 2015: 11-19.

[6] Manabu Sassano and Sadao Kurohashi. Using smaller constituents rather than
sentences in active learning for japanese dependency parsing [A]. In Proceedings of the
48th Annual Meeting of the Association for Computational Linguistics [C], 2010: 356—
365.

[7] Ryan McDonald, Koby Crammer, and Fernando Pereira. Online large-margin training
of dependency parsers [A]. In Proceedings of the 43th Annual Meeting of the Association
for Computational Linguistics [C], 2005: 91-98.

[8] Ryan McDonald. Discriminative Training and Spanning Tree Algorithms for
Dependency Parsing [D]. PhD thesis, University of Pennsylvania, 2006.

[9] Jason Eisner. Bilexical grammars and their cubic-time parsing algorithms [A]. In
Advances in Probabilistic and Other Parsing Technologies [M], 2000: 29—-62.

[10]Yue Zhang and Joakim Nivre. Transition-based dependency parsing with rich

non-local features [A]. In Proceedings of the 49th Annual Meeting of the Association for

32



TR ZFARE BT GBSO

Computational Linguistics: Human Language Technologies [C], 2011, 2: 188—193.
[11]Dangi Chen and Christopher D. Manning. A fast and accurate dependency parser using
neural networks [A]. In Proceedings of the 2014 Conference on Empirical Methods in
Natural Language Processing (EMNLP) [C], 2014: 740-750.

[12] Chris Dyer, Miguel Ballesteros, Wang Ling, Austin Matthews, and Noah A. Smith.
Transition-based dependency parsing with stack long short-term memory [A]. In
Proceedings of the 53rd Annual Meeting of the Association for Computational Linguistics
and the 7th International Joint Conference on Natural Language Processing [C], 2015, 1:
334-343.

[13] Timothy Dozat, Christopher D. Manning. Deep biaffine attention for neural
dependency parsing [A]. In Proceedings of the 5th International Conference on Learning
Representations [C], 2017.

[14]Ozan Irsoy and Claire Cardie. Opinion mining with deep recurrent neural networks
[A]. In Proceedings of the 2014 Conference on Empirical Methods in Natural Language
Processing (EMNLP) [C], 2014: 720-728.

[15] Eliyahu Kiperwasser and Yoav Goldberg. Simple and accurate dependency parsing
using bidirectional LSTM feature representations. Transactions of the Association for
Computational Linguistics, 4:313-327,2016.

[16]Burr Settles. Active Learning Literature Survey [R]. Technical Report 1648,
University of Wisconsin-Madison, 2010.

[17]Xiaojin Zhu. Semi-Supervised Learning with Graphs [D]. PhD thesis, Carnegie
Mellon University, 2005.

[18]David D. Lewis and William A. Gale. A sequential algorithm for training text
classifiers [A]. In Proceedings of the 17th annual international ACM SIGIR conference on
Research and development in information retrieval [C], 1994: 3—12.

[19]Seyed Abolghasem Mirroshandel and Alexis Nasr. Active learning for dependency
parsing using partially annotated sentences [A]. In Proceedings of the 12th International
Conference on Parsing Technologies [C], 2011: 140-149.

[20]Diego Marcheggiani and Thierry Artiéres. An experimental comparison of active

33



TR ZFARE BT GBSO

learning strategies for partially labeled sequences [A]. In proceedings of the 2014
conference on empirical methods in natural language processing [C], 2014: 898-906.

[21]Zhenghua Li, Min Zhang, Yue Zhang, Zhanyi Liu, Wenliang Chen, Hua Wu, and
Haifeng Wang. Active learning for dependency parsing with partial annotation [A]. In
Proceedings of the 54th Annual Meeting of the Association for Computational Linguistics

[C], 2016: 344-354.

34



TR ZFARE BT GBSO

3o

MV T QB A TE R, Bt WA EIRSR AL S5 . [ 2 1 VY 4,
ARZ I, KM, K2 MEE.

G, B IR RN AR SOk BN S A o AR . e o
SRR AR SE AR AL R A e SRR E 23 A8 BN o £E SEBILIR LA S 035 20 4 L L I
RRRT, ZE2IWes T s EAR 7RG O . IR T IR M aE ST 248, &
S REAENT TR BO At B |22 B 5 2 470

HK, kAR I Rttt TR EW BEErRAERCHRE
M GPU fik 55 as il 5 TSt 7V 2 358, 72wy i A7 272 KSR IA FOm =

e, ISR 2RI, BB A RS R, B
AAT I 3 A S A R o

35



