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Abstract

With the explosion of text data on the Internet, the vast amount of information
available to technology companies and society today poses a great challenge. How to
accurately distinguish the information data needed and how to make effective use of it
has become an important problem in today’s information society. Because keywords
reflect the main content of the entire text, help people get a quick overview of the text
and improve information utilisation, keyword extraction techniques are gradually as-
suming an important role. Keyphrase extraction methods based on supervised learning
identify keyphrases in documents, which require an already annotated keyword text
dataset, train a keyphrase extraction model using the data from the relevant dataset
and execute the keyphrase extraction task on the text through the model. In order to
achieve better keyphrase extraction results, the keyphrase extraction model usually re-
quires high quality training data. However, the annotation of keyword text data suffers
from different results due to subjective differences in people, high time and space costs,
leading to problems such as poor quality of keyword text insufficient richness of the
annotated keyword text variety.

This thesis is oriented towards keyphrase extraction model text for text data aug-
mentation, aiming to provide keyword data with high quality, increase the diversity
of the dataset samples of keyword text, thus improving the accuracy of keyphrase ex-
traction model, helping to analyse the text and providing a solid foundation for other
subsequent processing of the text and improving the user experience. After a thorough
analysis of the project background and the current state of the art, this thesis analyses the

semantic features of the text through syntactic analysis techniques based on common



v

EDA data augmentation and back-translation data augmentation methods, and execute
lossless transformations of the text from complex to simple sentences and from par-
allel to ordinary independent sentences based on the syntactic analysis results. On the
premise of decomposing the sentence into the basic syntax of simple sentences, the sen-
tence is constructed as a dependent syntactic tree, and for each token of the sentence
the similarity with the keyphrase is compared. the sentence components containing
keyword information are set as the important components of the sentence, and the non-
important components of the sentence are deleted or BERT filled in through artificially
designed syntactic tree transformation rules to complete the augmentation of each sen-
tence of the text. Through combining and splicing the sentences to form the complete
keyword text data, the augmentation of the keyword text is completed.

The implementation of the technology in this thesis is based on Python , with
Django providing the back-end service to obtain the results of the augmented key-
word text. After testing, the technology achieved the basic design goals and the test
results were in line with expectations. The experimental evaluation using a third-party
keyphrase extraction model, BERT-KPE, shows that the text augmentation technology
based on syntax tree designed in this thesis is realistic and effective, and conforms to
the basic logic of semantics. Significant accuracy gains were obtained compared to un-
used amplification methods and were also more efficient compared to the use of other
amplification methods. The keyword text data augmentation technology developed in
this thesis largely saves the cost of text annotation and enriches the diversity of the
keyword text dataset, thus improving the robustness of the model and its generalisation

ability.

keywords: Data Augmentation, Keyword, Syntax tree, Natural language processing
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EHARR RN R AT RREE, $2t UaTH AR 2 A i etk Iy 1)







EE BOREGE

AREASE T AL FUEE T O A B SO YT ORI B F B — 280K,
AR BERT 1 S A AHEAD TR K EEEARN T 00 < B 1] SCA %L
&, PGS A SRR R AR

2.1 1A[E=

HIF7E NLP Y, SCARR PRI BRI, ARA AR THEA
RE ELARTHS A7 8, @ 2R SO AR B B Bl . — e L, &
S I 73 R B SCA Iy il BRI R B R B, R BRAR] A D SCAR 1) i/ A
SRR R SCAS 7y R] 5 R A3 HL A AR A A N B E e . RIE I BUE AR s B
B AN A Z AR TR T

N T AE R AR B SR 2 (8] ) 5< &, Hinton [217 $&HY 17 18] 15 1 70 A A&
B BRI N A R TE R — MRGEE R SR &, bR — A gEE
YR AN ot — A BT BE N T EAS R IRFAE . JFG o B3] 4] % 1) P A0 5 10 B
W HCE K AME IR E KRN, J8Id onehot JVEN AN FBAT RS . F— A
Il o — A n 4ERUE AR, A HE —AMIE EREER 1.

[ 1] [0 ] [ 0 | [ 0 |
Wabandon — 0 ’Wa — 0 ’Wat — 1 ... .erbra —
| 0 | | O | | O | | 1]

R RIS INERA T, LR s SR R R R Z B Rk R, A7
FEVE SC MBS, Joidadad i B AR R0 AN R B da] 22 [ iR &, OB 1R 2 Wi
A B3 22 ) FR) AL AT 1 R ) S A AR AR SR Y o FL U AN B s L TR R A
5 AR AT A AL P F1 o ROy R 22 e A e AR T 52 1 R
w22 ), AT EERA RER AR e B S, AR RIS 2 A6



10 FE BAZR
2 10 32 310 B A0 B — A T LA AR 35 SLI ) T 50 A 1 850
)R, E4ERE LT, BURREARDT, BRI EE SR .

R DA — e 5, 3R] [R) BT O B . S TR o0 AR R IR T VAR
bl ] [ B — N A 1T & B R B 25 1A, 3R] 1 B SR R A e 4 )
BB PR B NESS 1] o KGR RS () 1) B B B o T s R, B R AN Y
FEAR RS, AR KREZZ 0 RGBT H & .

[ 0.33 |

0.41
wbra =1 0.62

| 021 |

Word2Vec 2 1E 2013 F i Mikolov 55 [22, 23] $ H I SL 3 ) — Fhn] (7] 24
BB, T PRI SRS 4 ] r) i, LR AR AR T — A ] B ) b 2 I
A A TR 4 FE B E s . Word2Vee AR RN BLHE = JZ M 4%, Jlid
WMNE BREZE A R R 7B B HE SR = EAFE CBOW Al Skip-gram
BLAY [23]. CBOW [ 77 s fE FNTE 1] w, B B F 3 wia, wiot, wier, wiao BT L
T PRI 2 HG A w,. 10 Skip-gram A& 7EFNIE T3 w, BRSO, XA w, B BT X
Wie2s Wity Wist, Weeo BEAT TIEI, 2017 B s

INPUT PROJECTION OUTPUT INPUT PROJECTION OUTPUT
w(t-2) P> w(t-2)
w(t-1) > w(t-1)
w(t+1) » w(t+1)
w(t+2) P w(t+2)

CBOW Skip-gram

& 2-1: CBOW #1 Skip-gram 155! 45 #) 7 2 5]

i 3 A ] Word2Vec Il 25 AJ LLERAG )76 AUAR4E M=, JF HAFEABAIE S



2.2 BERT %! 11

TR AE 1] [ 2 B P e B3 . AEAR S, AR A B ROR ) Word2 Vee
FH T3R8 2 18] (R SCRBUEE B TH 58, 275 Word2 Vee 350 AR SR B R B> 18] 15 ) 17
A1, 5 OB R] 1 A] R R AT LA, AT SREOOQ B IR] SCAS o i HY LS S B ] AT
LA IR 15 o

2.2 BERT #&8!

BERT & 5 # [24](Bidirectional Encoder Representations from Transformers)
52 Google 2018 & tH I —MiE S A, £ 2 NARE NLP AF5 S T
SOTA [ . BERT HidAERIFUIZERIAEL, FUIZRLL)E AR5 2220 BERT
iy, ATERM—DNEHM %, 81T fine-tune i B2 BN A [ (1) T iE AT
%, It H Google T K EATRIL 7 FERDE A v DLZE TN A 2 U E S
IR . BEARILAE S48 Taylor [25] F O, EEA NN T il
ZRiE B

BERT iZ 5 #Ai@ id Mask LM (MLM) #il Next Sentence Prediction (NSP)
Xt BERT BEAT I 25, MLM I ZR 803 25 plas 4% 18 15% (10 bE 4513 i il AL 5 6k
W) HR I — 28198 4 [mask] 55 X0 B 1Y) tokenid, THIIHY; [mask] 75 5 2 i 1) 45
Ho T BERT B I ANENIE 75 L0 K A 2, WARIEZ DN SRS #, I
PAFR 25 2] BN ST A, L token IFTA RAEE B, BRSO Z IR FRFE
RAT M . T MLM AR50 7 T4 HX token 2 [0 Y RAEAE B, FFULTRE—
LSS BB KA A) 1 2 (Al R AE(E S, @i NSP ik BERT #2245 I A1) 12
BN ENA), Rl BERT i 5 BAUHR A 7 EE S . BT MLM M1 NSP #A#H
NGRSO AT 2], SEbr bt AT B I B B i 2% S 55, AT DA
B2 B8, S5 3 I OISR RCR -

BERT 15 & 58 A LT ) T 2558 0 25 ) 25 52 3] 5 1) 1 5 45 20 1) PR i
REg N RIEBE NE B, 2 AERREPHEN A 2 n) 35 84, BERT X
T Transformer encoder HI X Al 4h5 s, b LSTM S, AMLBEWE I HE SCAR T
WK R, EREBIRGE RN EFXOCR, 2R ZE R SCAFFE. BERT A
Wi e —1m Z PRI IR R, bean—a)l “AREXCGER, WREXNCERTFHL. 7, W
FAEH Word2Vee A= il [ &, A1) AN E R R OE#HAT X 01, ARATRA
FEFEI T, (H R BERT, AW X Rl fEH .

Transformer [26] #13F T /£ 4t /) CNN, RNN, & 2017 4K Al L2560 = 1%



12 FZE BARLGZA
H R T H R A MR, e —FF 5 27 A, A4E Encoder
A1 Decoder HLil|. Transformer *1[#) Encoder F 2K 32 B A N W18 5 7 51 il i
B R 2, Decoder A T4 BT 45 TUMIKS: Rk 2 W5 R AR E S 7 51, A
Transformer £ 3@ i3 Encoder #ll Decoder 40 &, AbFRREUC R ) SCA K G, ©
g N e — 4L 5 S, AT 4 H e i AL R K R BB . Transformer F 45 #4 4
Kl 2-2F7R

Wit xR
| |
QOutput
Probabilities
BEIREE Linear
_>‘
Feed
g Forward
T
e l : I Add & Norm |-_—:
tinitlin Multi-Head
Feed Attention
Forward 5} Nx
N
. o
Multi-Head Multi-Head
Attention Attention
=1 [=]
migs X + fRISER
\ Jl I\ jr—)
Positional A Positional
Encoding @ Encoding
Input Output
Embedding Embedding
Inputs Qutputs
(shifted right)
A
1] [3]
HIA: Why do we work? 4 ) . cstarts>  #I\: %
FESHI R ETER

] 2-2: Transformer 454 1§

BERT #& 8 [ &5t & 2-3fr 7, Bl &4 Trm # P88 — A Transformer
Block. 1] LLFE H BERT & S A F] ] T Transformer Block, )i 7 — N2 E X
1] f¥) encoder %%,

AL I BERT A5 Y P47 45 1] 4 55 SR X O 4 ] SCAS B 48 E AT 3], BT
BERT 1A FIl 5 A G 5t Af ] T Masked LM {E NTRIIZRATSS, SEUEIAAR T
HoAth 77 5 50 i fai SR ADRS MEFS 2% Ao~ BERT 3HiA &% &3] FF 0 riE UE R,
Fir DAL T BERT FOCBER] SCAIAR],  A] LA AR 5y o 2 1 AR i ds



2.3 RIESDR 13

& 2-3: BERT #5704 45 4 %]

2.3 AlESh

B E SCA SRR 5 EREEE ARG, B RE S BRI TR e
S — TR BARBOR B 2L H ARG 5 A0 B B IRk, s AT
ANE Mo BRI T [27] EE 2 1 R GR195 70 M 5 2R AT O T8 SURFAIE, il
g g 2 S S P I S G Nl T

H ATAEAE PR £ AR R AR 2R ARAF AR A AN A0k 0 Mo )
AR B EGERE A TR A N IR Z A OR & TARAE FVE 7 i £ 2R
o VB R R T TR R B AR IOR 2R o IX RN EVERRIEAR &R, £ HARTE 5 AL B
R T EIMAER, IR

2.3.1 KEAESH

W AFH]75 43 8T (dependency syntactic parsing) , XFRAKAE R RDHT, THiFR
WAF M, A &R ) 7 il 5 3 2 B A BARAE R R AR AL
ARt Tesniere [28] F 1953 SFAEVAE 15 OR3R H, ARIE I 785 A AN [F] ) #L 1A By
PKH S &R, D HTIE A R)TES . {E Tesniere $& KA AVEER LR, AT



14 BIE FARLGRE
FEAth ) JE T AN Wi 98 55 & B R AR F0vE o A 07 i, Hoh s 5% 4 11 Prague
School ] Functional[29]. #iT3:[E MR, AJiLE5A

AR ARAF IR SE R W ST DL “ Ay S5 /Ao b A 25 1] A ] 0 2 18] B AR A7
BEBMR R FILE RSO AR . ARSI RIRE R RE D (K
O], IR, KAERR) —Jud . HETRAERE, HHAEREARZH
HRTE T VA BT BRI IR A3k o3 A B AR =2 ) F 1B R} SR SR IGE VR A
ZHPEE . H 2014 4F Sutskever %5 A [30] $#2 IR FZIMEZE LR, HOokRZ
(IR 583 2 TR JE 5 ) T R AT AR A 0 M o HRTIRAE AR Tk 2
Gy RFETIREE S )T [31] FIARIREE S 2] Tk, JRRE R I ik F EAasE 1
FT N BRI 7% [32, 33] AT Giit 771 [34, 35] XM 5.

unct
/‘s”b' Ob\ \

PN NN PU
1 like sport .

B 2-4: A7 RJIE M I

K] 2-4 5& “Ilike Sport.” HIKAFF)IES TSR, K NAH A Stanford CoreNLP
TR, Hrba)ykgh i f e 4 #5384 Universal Dependencies (UD) [36] A7 [ #x
FERL . 7Sk BT S AR T S 2 R AR S &, Sk AR 1) T B
] T MRS B AZ 0o 3R] B A, T Sk B AR RS N 2R TR B IR AF SR B gl )
I RZ G “like” , EELERG A. 17 . “sport” Al “.” 5 “like” 3L
THAFRZR, Hed “17 PAEFRZEE “nsubj” 5% 0 A T E 15 E K
. “sport” MIF)IEIRESE “dobj” HA% A like # K VIFIETRIE R R, T
WRAFFNEM AT DATRE | i 27 0] 1 BIARAE R &R, 38 I R A A2t 4 B AR 5 1)
RN AT BRAE, AT DABEAT 0 3 A1 SR M AN K 8 1] B2 3 06) PRI e o



2.3 GRS 15
2.3.2 BB APESHh

%5332 43 Bt (Constituent parsing), ‘& II1E F & 3R BGE &) A 11 5815 2 8] 1
JEIRKF . YT, Mo aE i B E S A B ARR 7. BlantE
TGRS, TTRENTEE P B 0NE a5 R, R Hr il 6] I 15 1
RE . WA TR HINZRLTF B o FIVER B A ARAE FER, N K
FERNEHT I HERR 2R

TEANAEARAE F)VE 2 BT ISR B2 27 2 JT R I KR —FE, WA IR FE 2 ) 7 ik
N FRES BTN TR FE R . AT, BEFTE A0S TR B2 ) ) S
AR SR SEIOCAS R B 5035 93 W

ROOT
v
IP
v v
NP VP PU
\ v v v
PN VvV NP
y v v
I like NN

K 2-5: B FIIER 1A

Bl 2-5 5 T — Ao AR T aE R, Hod 1P %R “I like sport.” & —
Fif), NP &R “1”7 Fl “sport” e M4 iA4iE, VP HRIR “like sport” J&—13)
WL, NN RIR “sport” &2 — M4, VV KRR “like” & —A31A,PU FIR
“C RW BT S . B FE R A AR 4 B Y R N B B R — A
. “17 . “like” A1 “sport” .

TEARSCH, LA L AL i a5 RAKAE AL W 45 28, 8 IX P
T3 AR B AR SO A% 08 Ry, TR )T A0, R B SRS o



16 FIE RARLGE
Rt T P E R

2.4 KR

AT EENG T BRE T LB REOR, I REEAT T G5 (1 < B ]
SORYHEBERKI R EOR, WG AR, A5, BERT i 5 B4, XL H
B OHE T RS B R (R R BRER] SCAS Y I BOR (T FL 3R B EOR S 4



Var/ay

F=F ETAPENBIXEIREA
T IBIRAR

3.1 RARBZSMRIEIE

ARCEE T T NA: (1) Fe T S8 i B A B 22 1K) SOAR Y 18 5 1%,
FH 2 g O it ] 4 OB B SCAR B e A b S B i & 1 (20 Rk dT
BGOSR OB A, (3) X 8 45 SR Bl B M 0% B 3R] S OB AR R AT
A RV o

ARSI B BEL GHTTES RN 3.1 o, 18 SeX R A SR AT R R 7
B M ERAF AT ARE T I 45 R . ARG XT T SCBRR SO U AFAE A, AL
BTE 7T RAR R SO Y BOR, BRI T REAR I BT R
&R AL TR () BERT SRR 308 53k Al #EAT ARER BT B, /& 4
s, A5 REE R AEM BRI, JFEEIIZRAHOCH) BERT fAY, 4G H
20 BT 4 R IR B S ) BERT 3R] 45 2R o I8 X TR0 R AL #, DR B SCA
RIAZ Lo T8 SO SRR PN 7%, 3R 01 s o B () SR B 1A) SO I Bl . R Jm R 3 G 25
SRR A SRR AT ISR, 5 R BRI SR R AT L

3.2 XiEERBEWELSIESH

B, AT O AR A KRR A AT 20 A, e B I S B R AR R R S
%, KRBT I SCARFAE T o

e M B VA AT B U iR A BUAE PR T2 AL I O B ] SR IO . T B Ok
RO 2 2T G5 B UL T I I HE P k. A B i e B 1A SR HO)S
R R R B A R SR AU IR Y R TE 7 R AR A S . AR SR e
SR SEPR OB PR UG 7%, KM SORRIRFIE, AR SCAR I SUE B AR N
i 36 O Bt TR ] PR A A8, 1T AP RS 1R A A A X S B ] ) T 1 AT A

SO, mARE T AMERNTERE . A BRSSO, JUHE R M A



18 F=ZF ETAEAMBXBEXARTERAR

B T
D g R
: LN —
| RSXARED witrEsE =
| iy | l | B T L
= [

| @A —l e | ! Lo 87

i i l
T @ | |
ik fj |

mn R 2 BERTHE! | ! =R R

3-1: BOREE S s K

W) 28 (%) S B A B BT VK, AV 22 5% it ] 72 HRCHE A It rh 0 B e S ik ) e B
ERA BFEWNERRILS . i B Rk 48 5 B ] $2 B 7 V2% 38 g O B ] B UL
sequence-to-sequence learning [10] A1 ¥ ZAxR{E: [37] 4F 55, #ER FH AT RNN )%
P 2 HE SR HEAT SRR 1A 2 X o 3K 28 7V I M 8 52 B SCAR B s 11 J= 3R 7 I BR il
P BEIEA dk 232 FH ) 25 ] . BT, Xiong [38] &5 N OKf B 1] $2 B3 ik A n-gram
2% ) ) o B ) A AT 5%, R Y BLINGKPE. ‘e BRIl R 1 R s . A 5
F| 4R Transformer 7K R &5 H, AL n-gram KRB &7 1ES & 40
SAE B, Rk A B R I B A A [ B, %5 R Transformer 158! F K 2
X8 SRR RCR R [39], M58 10 SCAE XS B RIRIH . 5 LRI 777240
Lt BLING-KPE H45 [ 1R KISt . RUOAAR G i STA Y 3G 7 V0 25 I8 B SR
T SIS, PR R SR A RS IR B SO KR TE U B T G 7 .

AR SCABA A B — A AR R B S, T O EE A 2 e AR
ASCAR B AN O TE o X SR AR AT 70 A, T ISR TR — R
RGBT, AT ERFRI 4318 51k AEDESOORBEIR SCA R, = ()]
HEE BRI AR S X RIS B R AN B A B R R (I RRAE
[40], BIFE T SC OB TR] SCA (1) 8 1) 4 15 P2 U A2 s Rl 2 e = L, X
L HEAT T ik OK B U] STAS B R B R VA SO o T SR AN RIS AE SO IR B A
A LA AR SO R SO, G A SO O S ], AR
N7 I T - PN Rt P e ot B b e ) R B P I P o U B AT B
AR B Bl il R Dy B R R R IR AN =



3.3 XARHRIER A 19

X3 (1 D% B R SO HEAT SRR SR UL 55, MR 5 B R BILAA 1 B A ] 1
FLAE I HAT RS O 2 B A4S [41]. SCARKREE 2 DL 4—6 744 VEH &
YL DR AR PR i Dy 44 1A PR 3R] VB AT B e OB O S B R . A4 1A B T R
BUEMRSES, Ay T, WRAESCERBIFENE, W T 2R B =
H 3 O R REAT A 2R

3.3 AR ERE

RIS T O R R A R M OGBSO HEAT TRFE 0 M, ASSCIR M T AT RIE
W SSBRER SR I HOR, EEA S TR A AR SRR S B, %01 SR
B I E) T el T RE Y B VA T AE R BRI G  J5 i AnA)
% BERT $Hirl 4 4 7 i%

TR R YT MR R, JE IR T AR 1 BB N g A, BUE
BERT $F1A] 3 84 J5 L ALl — A9 A 7o 3%, Bk &, ke T
LK.

1) R 50 5 B 3] SCAS A (1 OQ B 3R] PN 7, OB O B 3] ) ] 1 3 AT B I
TR .

2) HEGHFEHINE A, HEATIZOE CORE A TR

3) PRUEAZ ¥ OMIS B ] AN PR AT SR N, % 3R H 35 A Bl B2 2
Ky WA o

3.3.1 ETiREZERIKEIEE

R N ZRSCA, 5 B A AR DL ] 15 08 o B A SO
11738 LE R E N - A (PR IUEE 2 1 AR, SCB R R BB R i 1A - SCA R
LI A ARE AR S B R SRR o RIMEAE BEAT Bl 3 1 2, /5 BRI %
SR SCAS o 5 S B AR B AR LR AA 1, R AR AT TSR B SRR A B B O AT B
JRIY o

QAT PRI A S A 2 — N NP IR RN SO R RS AL A5
R, ProlER AT DLERH RN . SCRRR BIE AU R X SR A 4L
15 B A NS AL G B, WA SR (Word Embedding), & — & HI i) 5]
ETHENLRIR T, R SO T 13 15 e e n] DL S Se - &, O 7 LESERS



20 F=ZF ETAEAMBXBEXARTERAR

A5 FH PR RO B e S EAT 0 A, e R B R 8 DA AR S e RN . 1A iR
ABARE) TSRS TR one-hot 6 % 1 BL 5 1 i il BB 4E K i) =y 4 2%
[ B 4 1) — A YERARAT 2 ROESE RS B oy, AR Rl AR AL 1 VB e 216 I ) ]
A&

] i) R 2 ) PR AT — ANREAE ) DA P R BEAT SCA AR 15, A 0] 1) B 2 1)
VB SO B R] 1 2 A WA 21 2 ) AR RO AL B e AR — e, (6 R A ARk
A AT PATH SRR (B AR AUEE o A AR SR TR ik A SR, @ w4
] (R3] [ EEAT M AR GZ AT B, SR 1, ARATTAR DL

Z?:l Wi x Wy
\/Z?:l (W)? \/ZL (Wy)?
Hrdr: Wy, W, N &, Wy, Wa 033K oR W, Wy & &

U B AN TR AR G2 AR & T 0.9, B2 BTN ARBI SCA . 13
EY I RE T, ARIZSARIK A TE, R ENIIRE TR,

sim (W, W,) =

3.3.2 ETEXMIEAIEL

Zo0 1B IR WE A AL, H B2 i m e ik ik B, s a)ik e i
IROR, N de T R)ER e 5 18 07 VAR S0 . (K B Stanford K77 1)
Stanford CoreNLP T B, XJSCAMA) 73T o 0, WKAERIE . @i ik
I3 3 MR RIARAE RV, WUERAN S A I 51 o AN B 43 R 2yt B i), 25 )
M NE &R HAWNEEA], WRAALE NG WA SIS R — AN A1
WERAFAEIEBI Ry, F IR BN AR TR BA) . IRIER 7 i &5 2R, B R &)
Peor N Ha), SKREEHILZ XS, V, O, CIiE.

3.3.2.1 iEq 5 KEKFK

O S, MBI R E BN RS . S5 HNR, AT adts
FRFEARA, WH SV, SVC, SVO, SVOO, SVOC Tfifh, il i ix te F A K
SRR A AR 2 HOER), B SO R RSy 2 T BUR) TR U AR B,
BT DI 08 SR A RAZ S . FER 3- 1502 7 REEAR R A1) 71



3.3 NXARHIETHEGE 21
K 3-1: 1BR) 5 REEARM

ID | Type | Example

T1 | SV [Albert Einstein]g [died]y.

T2 | SVO [Albert Einsteinls [has won]y [the Nobel Prize]o..

T3 | SVC [Albert Einstein]S [is]y [smart]c.

T4 | SVOO | [The Royal Swedish Academy of S ciences]s [gavely[Albert Einsteinlo [the Nobel Prizeo.

TS5 | SVOC | [Albert Einsteinls [declared]y [the meetinglo [open]c.

S:Subject, V:Verb, C:Complement, O:Object

S+V, Rl (FiE)+Verb(IFi8). FiHSM, Wi 8 SO 32 15 IS 15 4
F) e FIEF LA — A EE ZAMBIEM R, IEIE R DL — AN 2 A k.

S+V+C, Bl Subject(F:iE)+Link. V(R 3/ id] )+predicate(F i), T RF L2
fRoaR AR FER 2 FIE RENAARIE. FEL—AERTPGL, R
AKEA—EWREL, ARPMAEH, R RS EIER

S+V+0, B Subject(FiE)+Verb(iF i&)+Object(FEi&). FIHE, ANEIF N
FEEE—EIBENSN.

S+V+O+0, Rl Subject(Z 1&)+Verb(i§ iE)+Indirect object([H] $% 5 i )+Direct
object (A Eif) A) FHAMANEIGH, HPBYBiEENMSEEEIE. 18
N B B2 MR EE . AR EIERZ2mHE N, BEREENIME
W32, W1 He passes me the ball. H', me AAHEEIE, the ball N HEBEIE,

S+V+O+C, B Subject(F-1E)+Verb(z))id])+Object(F= iE)+Complement(fME ).
AN EIE &R A) T — 5 kYshia], BEARCE T HMNMPEE, HEJR
AN TEEEN), AN TR R A R U AR E L RS S, IR 5 HAb
AREMRE SRR, E6EEETEHN N, BJaaE T AR AR
BSCH fiT B RS, RS T 3R 5 — AN 20 181 SR R TR I A R B A B B 4 4%
FRAE, XK 2 N EIBANETE

3.3.2.2 MNAGIRAEE

XA S, e B A M A) & R AR A A AR B R, R) 2 B A D
NIURRA, EIFNA, FAEMNA], FiENG], RIENG, EIEMNA, RIE
WA LR BATME B 2 A s, SR A HEAT B B/ . A6 Stanford



22 F=ZF ETAEAMBXBEXARTERAR

CoreNLP J¢F By )32 04 1E U VST AR I, SR A B & BN 0 B4
(1) FiEMA)

2 3-2: FiEMA)

Transformation Pattern Extracted Sentence
ROOT «: (S <(SBAR <,(WHNP)),,VP) | (SBAR <,(WHNP)
ROOT «: (S <(SBAR <,(IN)),,VP) (SBAR <,(IN))
ROOT «: (S <(SBAR),,VP) (SBAR)

Example: Who will be our monitor hasn’t been decided yet.

Extract: Who will be our monitor.

Result:
he will be our monitor.

he hasn’t been decided yet.

TN IR GR A IE W 3-2fR, FEMNAERE R B =
P2 EL ] (SBAR <,(WHNP)) JEUM 3218 M A), X WHNP B2 #E47 1150,
F& who, 7EFA)FHFEMNA BN he, MHEEH K1 15 N A) 5 #: WHNP
N hes WIERSEIE who 28 WHNP 75 3= ) A0 3218 I A) & oy it,  GH4RECH
K 305 WA B 3 WHNP #8704 ite 35 RO 42 HUE] (SBAR <,(IN) B EiE
AT, X ERECH SR E 1 A) IN #6347 MR (B4 Whether) , 7£ FA)H0i4
FIENA BN it. 5 =F R E] (SBAR) 1E 1 A) df 118 WA B it, {F
FEETE NN B AZE

(2) [AALTE W) AE M)

# 3-3: [FNLEMNA), RGN

Transformation Pattern Extracted Sentence

ROOT «: (S <(VP «VBS,,(SBAR))) and {}<ccomp (SBAR)

Example: Who will be our monitor hasn’t been decided yet.

Extract: I heard the news that our team had won.

Result:
I heard the news it.

that our team had won.

RENAR U] IR AR, TR 1 A A B 5235 B A — AR



3.3 XARHRIER A 23

BRI A RAE A RN 1 A AR R A IR a0 3-3FT 7R, A1 )
AT A 0 BH i R0 75 ZEAE XA S A FARAE AR b, TEARAE )
P AT AR 45 552 5 B A ccomp 96 R SR SR M A TE ) rp R A
B BRI SBAR, H it 1R . 7EFRELH R MM AKX A SBAR JS7 0BT )
B,

(3) BN

K 3-4: EIHEMNA

Transformation Pattern Extracted Sentence
ROOT «: (S <(NP«NP,, (SBAR))) and {}<acl (SBAR)
ROOT «: (S <(NP«NP.. (SBAR))) and {}<acl (SBAR)

Example: The government which promises to cut taxes will be popular.

Extract: which promises to cut taxes.

Result:

The government will be popular.

which promises to cut taxes.

SE VG AR A 4 1R BARA], e AT PR AU . E T R A
AR 3-4, T8 T DI B A R ) 5 2 AE 1A U R b A P AR A7 A3 o
. FEMAE AT o A BOAR T 2 N A0 acl ISR, FREH SR I M A TE
) R AE LB SBAR, 58 18 M A M B AN 23 2 A ) e . BT RA R
T EEAEFEI SR A oKX AN SBAR ST T 1)

(4) ARIEMNA]

% 3-5: RIEMA)

Transformation Pattern Extracted Sentence

S«:(SBAR) and {}<advcl (SBAR)

Example: I know how to light a camp fire because I had done it before.

Extract: because I had done it before.

Result:

I know how to light a camp fire.

because I had done it before.

ARVE WA 3 FFI SR B0 s e S — s, e, A, LRI



24 F=ZF ETAEAMBXBEXARTERAR

IMNET . RIE N AR IR AR 3-5, TEARAFA)VER h,  AR] AR 45 55 N 32 ) 2
advel IR, FEHUH SR M A) 75 BEAE 1 4] HBRAH B Sbar, ARG M) BB
AN o0 ) I S8 PR AR SR SE %o BT DR TR ZEAE SR SR 1 A A el ax A
SBAR M i — AN HT I A) 1

3.3.2.3 HINRAGFE

A, RIENEHFELINT, Aomm . HARNEETS, BEERES TIRF
FEST BT IR, RE e S I AL AR AR ROV, O A BB A A R AT ) A IR
Al ARPIFHFNAE AR FHFN ST, 75X —Fh I 53T 408
I3 HT

(1) 1BEE LI

PRAS S LA b () i B ) FH 20 1 R B3 12 5 I A — kD, IR Rl ) ) Y
WIFFIA), TR 3-68LRIERHIFFIRIRE . ERRIFH, WA )5S
fro IEAIMEHTR, BEERE TRAAPED I RUR,  Rets 5817 A B
FVER, JEES B AT A B . SR FEFE R A AN R ) FE A 5 1
AT, B M IR BT AN EUR A

#* 3-6: WA IEHI R

IR o=

4] %] You and 1 like fish,he like cat.

XF T 7 B ) ) F 3 AT B B3 48 BT, You and T like fish,he like cat.”,
ul 3-2fi7x. ROOT &5 i) 7 sl SKEEH) T, REmBMLGN, —4> S 4
RIAEZA S 798, W LA R —MEAY IR, WahER 7Rk
% 3-7:

LA HT R ARSI TR, BRI ROOT 45 sl A& AN E A #4718 AR 45
o ROOT &5 sl 717 sl IP ARRE W B NA), —A SE A ZA S T,
A LLE VRN —ANIRF A g5k i FE B M s M s A), AT X S S 7Y
RIE)FIEATIR 9y, R REATA), WERIEREMEIIF5]. 417 You and I like
fish,he like cat.”, “A%N”You and I like fish.”, he like cat.” PFA M)+

() FBFIH IS
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% 3-7: WG

Transformation Pattern Extracted Sentence
ROOT «(IP<(IP$..IP)) | (IPS.. IP) &~ IP
ROOT «:(S<(S$..S)) | (S$..S) MiE—14 S
Example: You and I like fish,he like cat.

Extract:
S1:You and I like fish
S2:he like cat

Result:
You and I like fish.
he like cat.
__root_ |
s ]
v ) v Y
s J . J Ls J -]
\i \i v v
I You and ] like fish l [ , ] I he like cat ] I . l

K 3-2: iEA)IRp 1

FEARF IR e LG, VIR ETBREIFIM AL, O 7 FETR
HH), HEFBIY, BRI, REFBIHY, REFBIE. BT
AT AE W] e 22 52 M W AR A FVE M I BT B 454, R T I TE 2 G M E 1
A, BATTE B LT IR RE. XTF X IEHIIR A, T R AE
FIE T 25 B, A 143 F Stanford CoreNLP 4% A7 5 v T Bc #0001 2= DU e 5 471)
53

(1) FiEHF

T EIEHFITE, AT RIRAEAEN S, g —~0) 1
“You and I like fish.”, F&A'T0I LLE B Ath 47 75 3238 B4 3£ 51, T 7E Stanford-
CoreNLP (KA ALK R A2 — /Ml AW = o4, @A (UD) &: KREA
PR IR AVRKA AT R o i 4, FRATTHE & A& SO B IR 5 44 DL B8 47 (1
R BUER) T BIIRAEFEN W R B 3-3F7m:
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root

nsubj 1 punct
obj

—

conj

i

cC

and

K 3-3: IS

ATLLVE B2, SAER—Ma)F AR, MIHRE OC R root A& A1 30 W AH O
B, T HAR O R G ANBER DS, BhiA IR N A F A% . nsubj AR M TR )
ST R Sy, T conj KARRE, 15 YOU ZIHFIIRFR, RIFRATTLLUE
i nsubj M conj X JLAN K R ERANER) P FIEIFFIR R, BIARIRATAT LIS 2
— AL, SR SRR 3-8F:

% 3-8: FiEIH7

Transformation Pattern Extracted Sentence
{} <conj  ({} <nsubj {}) | {} <conj /i {} W%
Example: You and I like fish.

Extract: and I

Result:

You like fish.

I like fish.

P IRECEN ) 1EHFN RSy, MER AT RRAELEARFR IEFIA co B4 55 and,
HoAe FARL BN B RSy, IXAEIRATTR RE 8 KA BN T AR K AT, You
like fish.”, 1 like fish.”, £ XAR{RFFIEA) 2 BAZREARE B, AR T AT
eI

(2) FiEIHF|

T EIEHFIME, AT MR AL NS, g — 07



3.3 XARHRIER A 27

”You like fish and meat.”, A1 LAF BIMBAFE =B 0I5, BULE )T BIAK
EARNEN IR B 3-4F7R:

{

root

like

i

nsuby T punct
obj
Y Y
o ) )

con

i

cC

;

K 3-4: =iEFETR

ATUUE BH) 2, SHEA— )7 IARHE, MR < & root A& A 5 1A #H 5%
e, T HAR IR R 5B R, B2 XA )T L . iobj/ob) ARFEAR TR
] R G2 2B A4y, T conj K RAREK, fish 5 meat £FFHIHIR R, BIFRATA]
DA fobj, obj A conj X JLAN K R ERAMTER I EE IR R, BAREATAT
DIAF B —ANULEC /7%, ULEC A R R 3-9:
#* 3-9: EiEIHA

Transformation Pattern Extracted Sentence
{} <conj ({} <iobj/obj {}) | {} <conj £ {} W%

Example: You like fish and meat.

Extract: and meat
Result:
You like fish.

You like meat.

XoF SRER (0 =B AU s, MR T REAEAEAR R IF A1 1] cc I F-45 55 and,
HoWes A BN HT I B RSy, IR AR AT RE RS SR AT AN HT AR B AT, You
like fish.”, You like meat.”, 7ERAAORFFEA) S EAL R R B, A% T A
HrHITEA]

(3) BiEIFY
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XTTIRIE A &, AT LA il FARAE AVE N 2, el — AN a)
”You often go shopping and sometimes swim.”, AR LLE B fth 47 7F =15 57 1Y
IHH, BUAES) T AR SER T B 3-57:

K 3-5: iEA) S

ATLVE B, SAERN— a7 AR, ARIHR OC & root A2 A1) i AH 5
B, T HAR S R 5 XA BN S, B2 IX AN A) T HIZD o root ARFZEAR TR )
IR S AE1E W L7, 1 conj ¢ R 1R, often go shopping 1 sometimes swim &
FHIIHFIRZR, BIFRATAT LLE L root Al conj iX JLAN ¢ &R KR AEA) H 1) 3235 541
KA, WRBATT LG —NITEC 7, TUEC 7 Rk 3-10:
% 3-10: HIEIFA

Transformation Pattern Extracted Sentence
{} <conj ({}<root {})| {}<conj i {} W%

Example: You often go shopping and sometimes swim.

Extract: and sometimes swim

Result:
You often go shopping.

You sometimes swim.

XPAREB S TR IR B, MIBR AT REAEAEARR IFF11A] co IIMT-45 A and,
IR LB E T =R RSy, X REIRA TR RE 0% 3R AT P A B AR B B 1, (B
XAAFAE— LW /8, LU often IX > advmod il 73 AN 1% 4% & il 2] sometimes 2
A, BIY conj FA4E T HIEM PSS B A TR NG, BINAZAIFR, XFEA Redidy
BRI AN, &4 T You often go shopping”, ”You sometimes swim.”,
FE R ORFRE A BRI EAE B, AR T ASETE A

(4) #MEIFF
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XFFAMEFFRFIT S, ATAT AT AR RV AN 2, L —ANA)+
”We believe him to be clever and wise.”, A7) LLE Bt AFLEFME 1543 1 IR 51,
PULEA) T IIARAZ RV R B 3-6TR:

K 3-6: #MEIFSIR I

ATLVE B2, SAERN— a7 AR, IR OC & root A2 A 30 i AH 5K
B, T HARSC R EIXAN SRS, Bhia IR AN F G . xcomp/comp AR At
Frdg IR X R ARAME RS, T conj K RAFEK, wise 5 clever &FFFIIKL R, Al
FATA] LLIE I xcomp/comp FI conj iX JLAN K R LR AEA) I EI1E IR,
BARIATAT LIS B — AN VLELT7v2:, DLEc 7 X~ 3-11:

2% 3-11: #MEIFF)

Transformation Pattern Extracted Sentence
{} <conj ({} <root {}) | {} <conj Z£¥ {} W&

Example: We believe him to be clever and wise.

Extract: and wise

Result:
We believe him to be clever.

We believe him to be wise.

XTI AR TR B g, MBR AT REAEAEAR R FF A1) co M F-45 £ and,
I¥ FLR BB IANE By, IXFEFRATTAL BE A8 5 A5 PR AN B B AE B BT, 7 We
believe him to be clever.”, ”We believe him to be wise.”, 7E KAR{RKFE A= EA
ARRFERN b, AR T AR )

(5) HAhIF51
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2%, ERARITAIFIIETY, VyRAEAE A IF S S I 2, BATATEL
WRAEIA R Z54, FEATHE, RIILULAC 7 X R 3% 3-12:

% 3-12: HAh 51

Transformation Pattern Extracted Sentence

{} <conj ({} <otherrelations {}) | {}<conj LB {} W&

Example: I sing in the classroom and at home.

Extract: and at home.

Result:

I sing in the classroom.

I sing at home.

X R B ) Fo Al I H By, N R AT REAEAEARR IF 213 cc T4 £ and,
R LV E R i AR gy, TR FRATT Al B 8 R A5 PR AN BT B AR ) ) 1, T
sing in the classroom.”, I sing at home.”, 7E KARIR$FFIEA) = DA IR L,
AT AN RE )

3.3.3 ETaIENB 85

TE 58 N A A) BIfET B A (AL TR LA, BPEARAE AVEMN A FRAFAE 51
By, SEEERIAG), FATFREAXBELRE SV, SVC, SVO, SVOO, SVOC iX
S IEALE ), IR B KA OC R b 5 SR AR RS AR DL BE B (R SO A, i
SHRAFANE [ 58 R B BLHAT 40 M7, AR AIE S8R A SCARR S A AT R
of B B R AR kA TR A

3.3.3.1 AENERINEGE

TATI MR RE —Fh g7 2, R B SOR KR 19 3 o i B
MR TE A R AR SCBE y, RILSERARE IR, SECCRIE L. L&
TR T — R RENS AN A KB ARVE TR A RIE MR T3 1% o

AR T I3 TARAE R RAEARAF VAR, 8 IR WAF BT xS Bt 3]
SCARAR SR R IR A SCBL SR MR R M B . RIS, KA REN R S0



3.3 XARHRIER A 31

TR, T RO ARG AE LRIk, R T AR NSy T AR B AR AR AV
(IR B0 I BR AN B B R o), SIS T S B ] ST 93

2SI R, FRATT R B n:With something IX Ff 4 15, 24 AT H 82 M B
something [PJIF %, 2 B With() X5, SFECER)IFAEE, BIR 7B W
APERARE, P DUXFR ARG E 45 0 75 B — i M B, RATPRZ Y RIBMIBR . R —4
J 53 B BR AN 25 i 2 HoAdE A oy, FRATIA At 2 v DL E MR R 40

A SR i, BROE T O3 M AR EALE A R A FE R R R AT]
MR By, AT LABRSZ MM B Bl 7y, 7 B 5 HAR Ry — B M BR R B s, R
£ 3-13Fw, Hrh28A1-1,0, 1, 2, 3 43 HMER-1 AR SRS, 0 AL
EREEMER, 1 TEHMIBR, 2 FAEIFFIHRNE, 3 FERE N

R 3-13: KAF R RIR AR

KA KA | KR FKA | KA KA
punct -1 | aux 1| cc 2
amod 0 | auxpass 1 | conj 2
predet 0 | ccomp 1 | appos 2
preconj 0 | xcomp 1| ref 2
advmod 0 | expl 1| cop 3
neg 0 | det 1 | obj 3
tmod 0 | mwe 1 | dobj 3
nmod 0 | mark 1 | iobj 3
poss 0 | nummod 1 | nsubj 3
compound 0 | prt 1 | xsubj 3
other relationship 0 | goeswith 1 | ROOT 3
dep 1 | case 1 | key word 3

N — BB R ], 2 O F AR B AN AR SR B R By T R
Comparison with manual program repair has yielded unsurprising conclusions >, %

{417 2 program repair, {5 2 TR 5 HY BT I 3 Al 4 A 40 43 45



32 F=E ETAERBIRBIRA A G A
R~ 3-7F78.

yielded
nsubj obj
‘AN‘
comparison has conclusio

B 3-7: A7 o W& R o

"X

Text=-
[keyword= program repair ]

MEUR B, HEXRE

JR%)

Comparison with manual program repair has yielded unsurprising conclusions.
[key = program repair |

Y

WIS ERARE ZA, HIEAR S
.

BiiEs + ETX
[ Comparison with manual program repair has yielded unsurprising_conclusions ]
S Key V O
Wi A EN B RA N E N ER

RN
v® [

. . .

ERER se so s

e LA . e
YO 0 o 0 0 24 o @

1) Comparison with program repair has yielded unsurprising conclusions.
2) Comparison with program repair has yielded conclusions.

Texts=Textl,Text2,Text3-
[keyword= program repair ]

B 3-8: A AN BB 1 5 i



3.3 XARHRIER A 33

g 3-8, HRA AR IREUR AL IES), B 5E SCAS IR 5B 1] 77 -
FERAH R IR LU S, EAT BB R 2008, FITE f) s W R 2 o0iBh), 5t
TEATIRE, AR, AT ULE 2318 Al 4> Comparison X8 1A program
repair, Zfj1E ) yield, FEif conclusions #FRIE T H2K, FEARAFERJEN B )
R P AR AR AR IR AR AE R R IR R, HARAE RV () AN s vV B2 ) 9 s T
46, MR ZE T8 BB EE T8, X TR SR, SR RERR KR R
AT L E MR, ARG IHBRIE A0 NSy, IE ST I I8 151 .

B SRR & with,manual,program = AN B8], I with 75 2 20 55 M Bk
Bt At AR 2 X 5, 75 ZE I R, 1 manual, program 7E K 17 7] % 43 Hr
45 372 compound F 4, {H program J& T keyword A RGES 4, B DL BE M B
manual 15 5. SR G BT T &, &I comparison A& nmod 257!, keyword
85y, ABEMIER. SRS unsurprising 19 4, R IR amod SRR AT, W
PAE MRS . e KM C &% v BT sy, IEBAN A 24883 1
I A B R 25 R o IR AN RS R R BT R I I R R A SR, S
ANTT IR 1 321 53 LA S BB i R BT 75 B R 3049 21 1 IR B -

3.3.3.2 fA3E# BERT Eid 1755k

i Ja e FIER BERT AR 18 57k, X R JTIEBEWS AL 45 & AR BT A R U
PG AT SR N AL BERT BEAT A, SRt 2P MAEA . I8 1 1A 5
ARMERELAARE, IR R 2 . $aifd il BERT #AEAT IR, EA K&
AT A HIIAT IR N, OUEN DB LA RS B O T S 5T B A A
4 EDA H i) [R) Sl 5 e, 38 [R) SCIR] B 4 BE % B2 (4 B A (1 B S8 ROR SCAS T
PRfEIE. JF HBEE IR KR, BERT BUAYIHIE R E A AR S0~
B, FIESCARRZE X ERERMNE, &)a PEOCRRE T, ot
PR, R EFTER IR NOME . FT A TESS & 1 AR BRI 19718 5
%, AEHEAT AR B R R, o RS A 5 R BT A A RO A B AT IR R
il BERT AU 3H 3R], XA RE % 2E ol K v it f 1) BERT B 25 R . 5 L4l
BERT $HiA LS5 A LL, 5 1A% 0038 I B2, DO R 0 1E SOR o 24T T
Bk

WITIXANRG) 3-9f R T AJAR BERT SEiEY 8 5 KB . 5A)7%
P BIECRI G 388 TR 2R, BATIE I AR A0k 0, RSO R AR 28 0
X AERBRAE SCE O EAT B R . HRNER BRI Y  IEA R, %07k
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R
Text="'"""
[keyword= program repair ]
HEUR RS
Jﬁ/ﬂ 4
Comparison with manual program repair has yielded unsurprising conclusions.
[key = program repair ]

I A ERR A OB X
BulvEE + ETFX oo

B
v e

[ Comparison with manual program repair has yielded unsurprising_conclusions ]

S Key Vv O
i) A BERTIE 5 4 Fl 45

» . *

(4L s o oo s
ERER Ve o s evscr e
1) Comparison with PC program repair has yielded unsurprising conclusions.
2) Comparison with program repair has vielded good conclusions.
s ERXERR
135'/‘3;[ l'é‘-

A

Texts=Textl, Text2,Text3: -
[keyword= program repair |

K 3-9: f)i%LR BERT $HiA 4 1 5 iRl

o T B Bk ) R BEAT I, G 3E4T BERT Mask LM AT 55, B8
E IR B R, BB R, AR T BBNER, FEORAFRIY G4
#, TR Masked B 70 BIAG . 6 ELA) VW BT R B3 184 05 3k, sizbr b
A O BB R A3 B3R A B Mok AR OB OB ), 9F FLR VORI 25 RA SR B
— IR BT RER S AR . I 2 X IS RE I, BERT 58 AL 3R] 45 X S0 A
B IR A /N, RESRAT K B R 3G DS BE iR] SO

3.4 KENGE

A B OSBRI AR R AL S A 2 M R, BT T T R IR SO B R AL T
FATH KRBT SCAR I AR . B, X TR TR token 5 % 8 i) R A
ARELEER, B AL B E B A F token MU/ W E A F I B RSy, HK
AR MEOR, I SORTE SCERRE L SCBLETRER, X SCAREAT I



3.4 KREBE/NGE 35

Bar 2 pa). IR G) B0E W0 ML G AR . R T i SR A R AR
A ECHTER T SHEATHHTRAF AER R, 38 ANy Bevt 10 A0 R BRI,
S ) 1 AR B B RS HEAT MR 538 BERT 3 1A], 58 lux SCARRE — MEA) 9
1, Hn BENLBHIGX S OR,  SEHUA R 1 B R SO S







BME BROWSRGR

T R 5 ARG X T E B T A BT 2 T AVA R ) S i SRS
FEBOR R RBER SORY R Gt E B 1 P @ 0 DRIk 7 SR A E )
REVE /5 RBEAT R K i € RGN AN H 1, BB, ARGy
AZ AR SEIL AT g o IR X BT 20 1 2 MR BEAT VE AR BTt IR A
S GES UL SuN g

4.1 ZRGERELA

BT MBS 2 2 U5 0 1A SR i 3R] S RO R R BN 7T 55 P A R, A R R
PR M B SO L Wi JE A 5 B B (A BB AT SR8, BR T
RHIIF A ) S B 1] SCA B SR 5 % LAAh, Al AT P PR At B K 2 B e /D o
NS OpenKP, KP20k. Ay A A A5sk 1) O B ] SCAS R 1 R e S 55
A AR A2 90 SR ZEAT R A 2 (1 B 1A) B 2 K 22 I Rl LAORAIE,  fe 2% 22K
IR R SR SR U AL K AL B AN o, R FEAN v 55 ) A

BEXN OB R SO 5, SIN T T RA R SCAR AT AL Tk, R
i [A] &, BERT S ZFEARMN T VAN, SRR 73RN
KRBT SR R, FFAEAR B IAT KRB SCARY I R Gt it . ZRGHE
Ol 1T ANAR I BRI T SCAR Y B ORI SRl b, B Bl FH SO Y
38590 s (R SRR e B3 48 5 iR T e AR Y R B I TR . RSt
BEXT T SRR AR OSSR P 45 P 0 B0 S B 1R SCACRR AR, RE A il e o R Y SR B 1
HR R S A

BT AR B SR BER SR Y R ST H b 2 REE LR P R 2 R g Y
BE AT T 75 B A SR IR SCASHE . AR RGN R R AR R SR Y I R A0 R
S R 53 N Y SO AN A E R A SR BRI R R SOR (1 . SE AR A
EARRI SRR SCA, 38 SO U5 0 B A AR 2 IR AL e B R ST [ R
18, 3 IRSEERE 0 [R) S - i SR SCRD g1 e RE IR 1 O B 1Al
RYSCAS (R 0G5 TSR T A ARABLE R B A\ ST H (10 S B ] 1 T R ORI



38 EME BROWSRER
BRRIToR, GiArE TR0 Fd 0 B BERT SRS 77 0 6 SCAE
(9748 AL A SRR T SR SO R i

ST R TARR SORY R, R GUNIZ O B SR A S B A SCA A
PGBy, EEY AR SCHEE M RE I AN T IE BTN BE T P B A
fbfE Ao MRAEIXLEZR, FTRITEN ) B R] SCAY G AR G vl UK AR B g £ )
T3 R SO AR . A S B A SRR X = AN R,
LR IX = AN KA AR 70, BERE S AL P P EE R I DI RE

4.2 FKRIH

4.2.1 IheeEFTKRoHT

BT AR R O BRE 1A] SCAR T 1S 2R 4 1) D e M 7R SR I 2 HT DR b 55 R
Mg T EEARM IRt FR R, AREEE GATHIRE B X R SR AT Hf
3, XPAHSCEIR AT, AR IR LA P EEN NS, R BN
KU 4-1F17R,

A B, VM IRBEE NI RGBTSR AEE, HT L
PRGN = 1 R BRSO Y 1 R G IS AT IS M R G SR IS B . SR
EAT R RGN AR VEAT I, 308 5 IR AT A% I 10 O B 1A SCAS EL
P, FP S P B e 1) S B ] SCA B B 7 2R X e il . BT 2 R4t
LRI E B, R OIIREIETR R, BAY IR 7 vl HI YA A
i, GBI EDA [F SCIE B, B, BT R)IA R BTN BT R, A5 ADiE R
BURGR M Bert IR 1Y, SER HAE55 . Bday MO H & BEER MR
GERIMF R . AR P AT ASFE A G 30, LB AN F 3 I 50 H .
Bay W55 8 B R G0 B i g R (2 Al AR U0 T A3 24 AT A9
PG, LR FFCIEAR ST GRS, A5 RGBT
P48 G SRR SO B, 6 OB R SCAE SO AT A, ALk
BRI R R U] SRR TR R s ST IR X LA A0



4.2 FEK7R 39
* 4-1: DhaetE Rk yI%R
et ok TR AR RPN
F 7 a] DL ok R G N R ST
k1 ARG 5 B BE YT RG4S T
2 5E B L
FH P Ad OB 18] SCAR Y 8 R 4t
ok 2 ] SCA AR N E | IR, AT RL AR R R R o B
A SCA K
ARG n I H T B ATY Ok
mR 3 SRy 1 B VA S AR A I R A g vkt
TP 44,
R H T EHATY ok
FoK 4 FRENTSCARY 1 | B 9a] SCAAE 2 T A0 A 1
Y Ha AT .
= " v o HPREEMNER RG] LR
ks AET T A S L gy
= Py HAPrREEMEHERSE T HW
ﬁ’ﬁjz 6 _T‘Tim’f E j’fi{f%o
HrArgwal@ymoeE, A
ok 7 e H & BN 18 150 B AT DU $E 52 Br 7R
KRIE AT TS
4.2.2 JEThEEMEXRSIR
Wk 42K, ARGMIEDIREMET K. FEThREME T K2 X ThRE M 7 =k 1Y
7, BAANRERF TAERERMR, HE2REATEERP—5 2. EDEENE

R AR R R G E AT E B PR R T, EXTERITE R SRR IR T 2R

KRG AR RE

VEFORGAS TS, A, alyTENE, AT

FIEENE, BEOSROCHER SCARY I R G RENS 72 48 K 2 B oL T A RE % 1L Wiz

7, QUSRI FE R O B 3] SCAR Y G AR G U R AT AT

BeSPEL, FERIF RGN LRI

SR, U SRS R S B ECSE IR P DR R SR
Bt BB BRI AP AR,
HE IR RGN BB REMS VORI A0 LT % R

R FENE, RN KRR SO 1Y AR S Th g 2 Ta) i i

e NI ESE

B 1A AL B

TP M ARGHIN

BRI, 5300



40 BB BRAFSRGER
R 4-2: JEDIREME TR IR

EDRENER R | AN E

SRBETA] SCAST 1 28 48 N AZAE FH P A8 FH AR B0 REA A8 e A+
Gl GHPBNAT N, AR, SR SCA
I ARG ABLZ BN B DL

RBEIF SCAY MY AR G NAZ A B T D, X ARG ERAE
AT E AN E G

R SCAY 1 R 58 U ANE AL TR, O 1R R
YRENE | ORATRER A RIAR S S AT DL, RGN RE N BN A
X H i D REEAT I R BE 12 2L

B S R0 7 R R ALK, AR RGN Al A [
BAE RGNS &, JFRET P 1 5

o itk

AR

or B RE BRI, A B TR A RIRES, Rgal UBOY T BB SUIEAR.
R NE, BEORARGRESAE AR ERAE RS LisfT, WTLOEE ST 515
5y AR RGRZ MBSO, MBI SO R 5

4.2.3 RGBS

FESE R RGN REVE R R AR 2 )5, @ RSB 4-1 7 # 5
G, B A ARERIIRSS . SRBRRI SO Y R GE G e R A
FERHE A SCARY R , _EAR A SCAS . SRR AR IR S B BE T 2
WU R S5, AT MR SO HIE 55 . SRB A SCAR i SO KAl
PIGZ)E, P IGE R RGN SCrERrh, by G AR 55 1 R
B R N AT WSS 1Y 1 OGRS

4.2.4 MBHIHGAR

A B 3R ORI R G P AT I e 2, B L T L
ARG B (EIE R EEAT X L H G BEAT VEGH 1 38, 2k T A I (1 O Bt 1] A AR
AT ARG HBIINER 4-30R, B T RGUE R, AR T O A S
AL EHSORY Y BT ARER AR AT SCART G . SRBER SO Y H SU
B, OCBRIA] SCAY AT 55 8 B OGS R] SO G T H B e X 2 4



4.2 TR 41

uc

Ei

AGEEMN

SR EE

=

FIEmBEEE

FIEESEE
FBF

VAR 18

K 4-1: 2GHHIE

R, wTPL TR B B AT ARE I RE .

®4-3: RGHAKIZIE

I ID | 45 44 B i >R ID
1 | REE BN oK 1
I 2| Al RO SO oK 2
R 3| 38 ST 1 oK 3
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BertParseAugmentation /1 ParsePruneAugmentation s& /1 ParseAugmentation
VA, AT T TRV R BT 1) 7 VAR T A) 35 BERT HHA 17775, JE
TRPEREET I T, R a) ik S S O i R A A HEAT N B, 3
WA . M T A)EM BERT 1A, 2405 A)vE AR SCHH 73 31T BERT 4
U], SEMLEIE Y SG AR b, A RIE DO SOARIE 3, AR IR AR AT
[ S a5 e B = I G A

ETREIEY 2 )5, § 4R 2 UL Json SCARIE RAE RIS RS,
FEUHFH HARRIEL, XF Project, Task IRAZE(E B T2k, FFNH PR 4E T4
.

R RRULE J
<<interface>>
DataAugmentation
+init()
+savefile()
+readfile()
+saveinfo()
UniAugmentation ParseAugmentation
- inputfilename - inputfilename
- outputfilename - outputfilename
+select() +select()
EDAAugmentation BackTranslationA BertPar 8 ParsePruneAugmentation
- r -file -file
file file -textAnalysis -bert_model
+init() +ini +init() -textAnalysis
+eda(sentence,num aug) +backtrans(language,augmentNu +keywordRemain() +init()
m,sentence) +conjPart() +keywordRemain()
+clauseExtract() +conjPart()
+Prune(sentence,num_aug) +clauseExtract()
+ParseBert ()
‘ Translation | +MaskLM(sentence,num_aug)
‘ -api_keys |
+init()
+YoudaoTranslate(sent,source_lan, target_lan)
+GoogleTranslate(sent,source_lan, target_lan)
+BingTranslate(sent,source_lan, target_lan)
+BaiduTranslate(sent,source_lan, target_lan)

B 4-13: Bl g %028
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4.7 NXARSIRERSGEIT

SCAIHREEA 24— TR, N AE R R s i g A E R T
F BRI B AL SCAR G A A ) S [R5 SCA 73 A ) D e e 28 5 285 F K&
ARG, 2RO SO Y RGBT, X LS TR AR L,
REMAGHBAT . P AT ZOR XD REBEAT AL, R R SRR SO R G
RIEETE, FRARGIRMETEE.

A R EE J
TextAnalysis
+init()
L Words
SentenceParse SimilarityCompute Segmentation
+init() +init() +init()
+sentencDependencyParse() +SimilarityCompute() +sentencDependencyParse()
+sentenceConstituentParse() +sentenceConstituentParse()
+DependencyTreeBuild() +DependencyTreeBuild()
+ConsitituentTreeBuild() +ConsitituentTreeBuild()
BERTSimilarity WordEmbeddingSimilarity
+init() +init()
+SimilarityCompute() +SimilarityCompute()

4-14: TR HTIEEAZ O FE

AR TR % O R B R W E 4-14F7R, BN £ EH WordsSeg-
mentation. SimilarityCompute. SentenceParse, TextAnalysis VU ™ZEH#) . FH
HoAh = A~ 2H i TextAnalysis 2. WordSegmentation 5 X 1 F 4> 1] i) B8 %4,
P53 1A P RE 7. SimilarityCompute 2852 — N33, #2448 7 1H 5 SCARMALE )
ft 71, WordEmbeddingSimilarity, BERTSimilarity 4% & Tix M H2%, 24t 7 A
[l A CLRE B BE 7, MBS & BERT R &8 &, {H BERT fT ik B %
JRiz i T WordEmbedding tHE AR, 7 W LALE RS & AR iR B i 5 2 1
FRALBETHEL 73, 8% 1T 5 187 F 24 T Word2 Vee (1 SCAARAU S CL 4 2 %18,
I BAZJ5 s 4T 2 1 BERT Jii%, A& e BRAJE . WordEmbedded-



60 FOE FXRDOMERZRIT
ingSimilarity 115 777%. 1M SentenceParse Z5/& AL FIAZ O, ARG
AT AR T RE ST o XN T ARAEANVE I T MU R T RE
N T ITAERARAEC)IE 0 M, B BRI B 65 R AT #0430 7R ZE 2 A A
FPEM AR VAR I BE T -

4.8 KRENZ

ARERE T T T AER OGBSO Y R G AR SR S i
Kot Wk 7 EIT AT AR O SCARY G R gt B RGBT
HiE T ARG hRes ikl . MRS MR BE, X RFEHIE
G BRSO Y G QBRSO Y M A g P T A O B R
SUA AT SR REAT VR 1 81T



ERHE RIS

AT E B T I A OB SO RS SEIL, i ARSI
R T REREAT WA XS FE T35 1) O B 1] SCAR Y™ 88 R B Rk A0 s FH A EA T
FSRHI LS. ARG SEILAL R 1 O IR SCARY 18 R G A2 BB S BL, XC
A BrA g S, Bl B R (Y SRR 4 B AR R 1 SEEL

5.1 BB ERRSIIN

MO 3 T T 77 B SO 38 R S B AT o 5 S A O M
S R B 1 R SO TR R, T ELBROL T A R SUE TR
BT R e

WS UL S-1, RS 0 024 312 Tk B X A
SR B IR I X SCAS 55 M

Kl 5-1: 52T

A0 5 DY 250 080 58 B AR BRI AT R S IRI A —FF, AR G0 P OB R SRS
f_EA%#3d Data Upload A1F#E4T 1157, £ A o HEAT 1 A% ORI
B, P LJE i AN 7 6 SOAF S AT RS, R BRI SCAR A F AT &
PEVERCS, B json SO AR A 0 S BRSO MO A2 5 A4S T RS AL B o0
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] N %% . DatalnteractionService 21417t #H K5 2] MySQL H,  LRAFZ A F
R Jed . B P s 58 BT QB AT S G U, AT A A BN 8%
. DataDownload ZH {47t T7 1 125 455 1) DG B 1] SCAS A% A 1) iy oy D 107, 0 Vx4 Jd ok
T S D TRT SR A P BB T 318G LU 1) O B 1] SCAR 5 o

XT T AT BeadE B B OR B AR R SO A, ARG @I A SHA-1 IS A (B PR IE
SERMME— 1. WE NG BA TR, o H R B A EAN [F] LR R
o 25 8 R R UK B S = AFAE WA AN IGO0, BT ELRE IR 10240
FHHER, @B B R AR R RetE, XFERBIERRANE
Bt o

def CalcShal(filepath):
with open(filepath, 'rb') as f:
shalobj = hashlib.shal()
while True:
data = f.read(10240)
if not data:
preak
shalobj.update(data)
hash = shalobj.hexdigest()
return hash

5-2: {14 Shal F=E/CHG

5.2 HIREIERRSIIN

FaRE A, ATEEKRGENMECHELE, O ry e g,
PIGAT S5 A BN SO . BRI S NEARE, EAFMATE LT
FHIFEI B HME 5%, 0 B AW m AR . R RS i) 34 I H 45 38 51 3% o & B
7~ 5-3.

WUHZ R R T HRAAERDE, S 7821 0H. TaPmHE,
Ul 2 B HITH A FR, QR E MR B . RASEM P A AR
THT RO, 76 5 i AN MySQL s P A RAH G AE I8, 42 W A1 i D T P A
AT R

FH P 0] DA (6 R LE DG ERR] SCARY™ 1 JR e (o0 B SRS e A o B O 1) S it 1]
MAYIIUE, (F5, O TEREE, OEEEIEMEL, MRS A
VEo I IAE SRR SCARY I H B B UM, iRt a0, B AE ok



5.3 XARDHRRSCIY 63

K 5-3: T H & LA

WEH MIREFT o MR T2 LR A6 A P M3 ox 2 S B 1) SCAS 9 B T H IR RE /T, T H 3%
[ A AH R (0 BG4 55 LS A ARASE FH 0 SO 2 BRI BS, AR ST e A il B i £
e Rdr AU IREL, SR A ICHEE SORY I I A G U, S AR OGS
B, AT PAGIE IS A SCAS Y BT

5.3 ARSI

SR TR ERIE DY T A BRI R A 13s AT, A LA, 3
AT TR HOR — s n] LK BB ) B HOR MU D RE Ay B R, SR (s iy
FRERALRE ). X LB T RE TR 24,5 A 2 B8, L AR ADLRE J5E & 7 LR AR
il ] AR gk B A A7 . T StanfordCoreNLP #EAT SCAN 4], A)7E 40 4T
W B KRG, — SO 2 3GB A A AE, SRR R 24
I 2GB A BRI A A REIXAMEEUAL R, N BUE 2 im il B Sl fiedt. 1XHf
AL LA S BOIR DL, SR RGBT RCR

FER A A4 BT I A v, NLTK S48 SEBL 14 1053 43 7 285 SR i 45 AR
SRR, AT AT AR TS R o Hdt AT B i34 o i 2E EAT A7 AR 23 i A
J&, StanfordCoreNLP i [l ¥ 2 A& K & 1 Y e H A R Kt , B BONTRIE
Jrids FATABBATRRIS AT EAR Mo T LAASSCHE SCAR Gy A B SEHR:
WRAF R I W 4l R O PR R 25 A 0 50 T B 5-4BI N RAF RIVE R
FEJSEE (1 SR B A XA

i Treelib SR BEAIMCRRE,  BATHT ABONREFA IR AR FER, JF
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def dependencyTree(dependency, token):

& dependencytree

:param dependency: #k#F% &R TH
:param token: M FLERF|FK
return: MRTEX R

tree =[]
dependencyParse = copy.deepcopy(dependency)
token = copy.deepcopy(token)
tree = Tr()
root = -1
# MR
dependencyParse.sort(key=lambda x: x[1])
while (len(dependencyParse) != 0):
dependencyParseltem = dependencyParse.pop(0)
i, begin, end = dependencyParseltem
if begin == 0:
root = end
tree.create_node(token[end - 1], end, data=node(i, 0, token[end - 1]))
continue
elif tree.contains(begin):
# print(token[end-1],end,begin)
tree.create_node(token[end - 1], end, parent=begin, data=node(i, O,
token[end - 1]))
elif len(dependencyParse) >= 1:
dependencyParse.append(dependencyParseltem)
return tree, root

P 5-4: FIIRARAT FVA R SR A NS

SHEAE AN BT AT BT R . 1X N PR EL StanfordCoreNLP S BT Hi Sk H 4K A7) 12
PRIyl 25 R, BT X s fE B @R ATEN, B Ja IR [R5 AN B IR Eh 40 445 1) A0
MR4E 2=,

5.4 BRI

SRR SCAS KGR 37 1 A R R 7 1 O B ] SO B e i A SR ) S B ]
SCARATIEEOR, 31 OB R OGBSO . Ok T R A SO K
PR ) S B 1 A I 5 U5 R I SE AN T3 T AR T S VA
KL, AR ARG SEI R T RINA T RN,
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5.4.1 BRI SRR

ARGEHY B IREIAT IR, 733109 EDA 373 i1 [R] SCR] 97 39 A2
TARZE B 1 (B G 5

EDA 3 3 (¥ BARSCHE . MR AR 75 297 1Y 1 O B 1] SCAS i S 45Uk,
R —HESCARBE, X SCARBHE AT word2vee AL BUARAT] 118 7] &, AHABLR) 14]
) A A Y A SR, BATERE— R T AT [R] SR (O RE AL 45, b ml DA oK B
i giE sy, mF AR R SGR], B E RO AN & KR EAE oA 11 Lk

ARG R 7 AR A ) IR O, ISR A R &, BEiE 3RS
B R R R B R SIS R, RIS E Y G . W S-S I gk ) &
P EEARAD, w] DL R AN 4 0, BB R E IS, 6 R
BIFAT 45 81 synonyms.nearby(word)[0] 1% AMAD BE NS FE A5 24 /i B8] 130T X
], I B AL e A R A SO, AR RS T AT eda () ORBRE IR SUARY
W,

@csrf_exempt
@api_view(http_method_names=['post]) # R 7iF post
@permission_classes((permissions.AllowAny,))
def train_model(request):
------ HERIS TR TR
file= open(seg_corpus_path, 'w', encoding="utf-8'")
for s in seg_list:
file.write(s + ')
tmp_model =  Word2Vec(LineSentence(seg_corpus_path),  window=window,
min_count=min_count, vector_size=dim,
workers=multiprocessing.cpu_count())
tmp_model.save(model_dir + "word2vec.model")
tmp_model.wv.save_word2vec_format(model_dir + "word2vec.vector”, binary=True)
return Response({"code": 200, "msg": "tREVIZ5ERL | *, "data”: "))

B 5-5: Y Zxia] [ EAR R O A CAS

(B B 1 () B AR SR ARIEYIE RA SCAR IIE S, B R HAIE S L
JE A R AR, FRR B A SRR [ B AR SO BRSO IR . B R B A A
2o W2 B 1E NMT FrSCRFITE 5 R BUAFAE PR, W R AR B A il e 2 (2 2R, W]
AR X Mk, HREERSE 2 M8, a0 OEmsgm, i
HIRTREPE B N, BRRGS A P B 28 B
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ARAGHRA T ZMEIFENE O, 45 Bing,Google,Baidu, Youdao iX JLF
MBI W2 BB ds, A3t 7T AP Y APL, FEAR RS R B3
O, AU R E A SRR, SRS TR .

5.4.2 AUERH HERER

IR RGBS AT B 38 R T Uy ik v R 3T G AR R 2 A T
FRE TR T AT I B S 1 A)iA R BERT 34 735, AIVAR BY
Bl 877 1%

5.4.2.1 QAR ISERSII

TR B RS B 2 B R HEAT G0 3 B 2 S IR TR S PR A ) AR 24T B
B AREHIA) T, LI R EOR . BT R AR BRI, BB AR AR
VA R BB

WK 5-6, BARNERN BB IR, SR I OB R SR
B, ATENER T, AEEIIFFZIRA], WERIFSI D BUa . il AR
Al MERZ RE AT, ZBLERE A AR Rl R DR, AR Bl B AR A7 A9k
W o GEIE B TE AT BRI, WA E R R AR R A R DAL R A R B R
[ FLA Y R M B o 2 BB PR R P DR AF R0 B R B — S P DR TS, i
Sl rh LIRS i J5 AR OB E TR AU B3R, A E X Seyg AR 1R A1) n] DLAE ORI AR
BRI R

D - sdrsly -
= @ — =
- !/h
Source Sentence Pruning Rule Pruneld Tree
9| BEH—- o e | E
Original Data Tree Parser Syntactic Tree Candidate Sentence Augmentation
Data

5-6: FVEM BB G RE

WRAFERE T BEE VR S BRI N, WA B AT RS BE 2 il B B,
B ARMRIIRAF AR T A R . IR MBEAR IR K, EEE T
N T PRGSO B AR, SCREREE N2 M 2 MR KRR T
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PERAEANES TR, FEE BRI AR RRER . FE 5-727)
AT BB o3 AR, IR W AE A SC B = E AR B 3 0 AR IR . AR
T T FRATT T 1) B AT 07 20, RRAE IR R R A 318 A A), AR
I F] (SBAR <(WHNP)) JE U F1EH M A), K WHNP 5oy #E47 3830, Wi 2
who, TEFEA)HR 3218 WA N he, STHEHUH SR 11 3 8 MW A) B 4 WHNP 55
9 he; WIERJZIE who 28 WHNP £ 3= ) g 3218 ) By it, 0P HCH SR 1
T A B WHNP #5730y ite AR A) R A 7775 BEAR SEI 4015 I8 A 2 5+
{BAE— P AR A 7RI 5 —FE I

T 5-8 2T AEM BB RARONARED, 25 FERNIRAAD I A K, A S
B—TF EERRE LI E . KT REM BT RAE, BB E M
O3 OB MR A T AU A . SRS BB AR LSRG SR AR OB
— IR, KT BT R B E VIR B, W] LB N 1Ok R B O B
B, SR T AN H AR R E — MRSy, WE RHEMERC R, IR E A
L) AT T e B B B . B X TR I BAFI S 1L, a0 R 171 AL
it REMOVE() BEUHI 2 745 il LLE MR, 7T UABT Rt BRI R, anRA e
BUR LRI R B o WA T4 AU A B R A T RN A . B E A SR G
RURT DL ELRE M B, TR 20 5 5O (R AR R 15 sk — e B o TR AEIX R (A, gk
AR RS, #HAE BN ), IR R . B TR ) B
HOd AR, Bets A R & 1) AR A

I a AU, R R Y R A B E X 2 nltk 73 0) )5 I R) 81
o R H A AREANE AT R VAR BRI JE I H S Rk . SRR
FHEG, R AR ERIT AR, FEASUEE A PO L.

5.4.2.2 AIER BERT 3 1#2&5RS0I)

1 3 T A5 BERT 4738 75 5 R A% O RS AR 15 A2 B AR U7 184 07 vk
8L AT BRI RIS, X BB 2 B FE 4> fi H] BERT Hin], IXFEHE
oIB B 2 REPER A R . TR FERARZ L A AT B, A
SRR FEAB A A% 03 3o

ST ANEM ) BERT B 1E,  HOARGURE 55 2 TR0 920 B R ) 97 1
e85, EZEXHIET Pruning B8 EH ) Remove BRAL,  £E AR BT A
At 3 B B B A B 1 e, IR AR RO BRI AN T R BUR RE A 1T
FESEFA)750 BERT 3R0A o, FEMIBRAR LK) 775 /i LUR,  FARGEAH B 717 5 10
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def sub_sentence(sent):
#H A MR
#EIBMNE:

queue=[]

queue.append(ptree)
s_subsentence=""
s_add_sentence=""
s_sentence=""
while len(queue)>0:
current = queue.pop(0)
if isinstance( current,tree.Tree):
flagS = False
if current.label() == "SBAR":
if len(queue)==0:
break
currentnext = queue[0]
if isinstance(currentnext,tree. Tree) /
and current.parent() ==currentnext.parent() /
and currentnext.label()=="VP":
flagS = True
s_sentence=current.leaves()# T % ‘&l k&
son = current[0]
if isinstance(son, tree.Tree):
if son.label()=="WHNP":
if not isinstance(son.leaves(),list) and son.leaves().lower() == "who":
s_add_sentence="he"
else:
s_add_sentence="it"
current.remove(son)
elif son.label()=="IN":
current.remove(son)
s_subsentence=current.leaves()
break
for i in range(len(current)):

queue.append(current[i])

B 5-7: A3 N EJ TR 8 734 XS

e, #E1T BERT HIAME55, #E4T BERT A B IR A BELE 5 5 J5L 4G 5117
—HMSIR, RRgisRHAMEE R,

Bl 5-95 & BERT I AF 55 1 s P AXHD, & 26l A tokenizer H11ia] i
#, 1 encode BRECK — AT e o — B 1Y ide CREERATT R B 0 3R
EuG A AN RS mask_id BEAT MR, B A MLM B 22 I 4% mask ££
(W53, a8 decode BRIHUKS 45 SR e ot B IRIE F1 2, 1k [0 45 R T4
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function PRUNING(source_sent, dependency_tree, head)
if len(head.children()) > 0 then

nodes «<— head.children()

dep_nodes <— DEP_PRIOR(dependency_tree) < prioritize the
nodes in the dependency tree

relation_set <— RELATION () < predefined operation set
for each node € dep_nodes do

source_sent < REMOVE(source_sent, relation_set, node)

if len(node.children()) > 0 then

PRUNING(source_sent, dependency_tree, node)

end if

if node.is_removed() then

gen_sents.add (source_sent)

end if

end for

else

source_sent < REMOVE(source_sent, relation_set, head) <
determine whether to delete the node according to the relation dictionary
if head.is_removed() then

gen_sents.add (source_sent)

end if

end if

return gen_sents

end function

Kl 5-8: FJVEM BY AL L FE Oy AR

R R I 1A TR HEAT IR

# TS, TN MASK fFFF
def get_mask_character(self,language,string, mask_index, mask_len,top_k):
if language == 'en":
token_ids, segment_ids = self.tokenizer_en.encode(string)
num = len(token_ids)
# mask £
for i in range(mask_len):
token_ids[mask_index+i] = self.tokenizer_en._token_mask_id
token_ids, segment_ids = to_array([token_ids], [segment_ids])
# A mim AREFUH mask 1= A9ERS>
probas = self. model_en.predict([token_ids, segment_ids])[0]
top_k_index_list =[]
for i in range(top_k):

top_k_index_list.append(self.tokenizer_en.decode(probas[mask_index:mask_index+mask_len].argmax(axis=1)))
for j in range(mask_len):

probas[mask_index+j][probas[mask_index:mask_index+mask_len].argmax(axis=1)[j]] = -float(‘inf")
return top_k_index_list

K] 5-9: AR BERT $Hia] 4Ry
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5.5 SCIGOHR

FERHE TR0 1) SR 1R SCAS Y B R BEAT SR IR 2 i, B G AR R A
FEA [ i)

RQI: F T A7 B SCHE 1A SCA Y 8 AR A2 75 BE 8 X S IR] SCARHEAT AT 3L
IHg?

RQ2: F A3 1) S B 1A] SCA Y G BR 5 Ml N 2 303 Y SO 1 B A
LA AT A

S IR G ) R B, R ORBRR] SO Y U5 AT SR, IR T A
W SSBRR SR I FOR VAR R, EERAN A T R A9 8RR, 15
AY BN E AR

5.5.1 SRS

i 2 (R OCRRR] SO ARSI AR, R EAR R ERIR AR 5 B U AU
REAR U b 5 s HE ), DRI PR ) 7B A 17E Se A A F o LIR30 1 G At
R A — B R, WAL R R A SR, AR TR R E ARSI
TR .

KPTimes[42] 5% 18] SCAS B4 A8 1 % S b v ALK & SR IR T AN [R] Sk 1 347
I RWRFEGR AR 1 B iml i, 50 A (%) OGS 1] SCAR K0 ais SR AH LU RE A HR AL T T &=
(%% . KPTimes BL46 T 279923 R #r o SCEH B, &6 %% A\ Lo
()7 B e iR . IR 5-17 42 KPTimes ) B 4&(5 K, KPTimes $E £ 45
A/ E/ TR L Tl LY At S SO v 5 N G O vy N O E S e
VB () SRR B - B o BRI I K O], (H KPTimes 37 [ 5 K0k
300-1500 ™ Hial, s FH 2 25040 B B A 280K 9 UE 5 ) VRt ) O B ] SCAR Y 3
REGNA R

THE s-108tREdE RG], EIEOCEIIEL B AT R, BB RIRY
A RUAAAAE I B J 0, DA S B ) AR R

5.5.2 AR

BEX 2 BT ER M IS RQ,  HEAT B R] AT 4 5 iR ROR S B8 A A
H T AR SEYG . {6 1] BERT-KPE[43] {1 Jy i I i 1) 5% 8 1) 3R OB A, B AK 2
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K 5-1: RERTR LIS B ARG B

R A KRS | KPTimes

R SCASE | 279923

Hidpg = json

A G B Wi e, WA, ARAR, fEEE, ORHEiE, id
AN ESCARKRE | 29 300-1500 A FL 1]

in Hijab Break Barriers: ‘Take the Good With the Bad’

When Ginella Massa, a Toronto-based TV reporter, recently accepted a request to host an evening
newscast, she was not planning or expecting to make history for wearing a hijab. She was just cov-
ering for a colleague who wanted to go to a hockey game. And that’s how Ms. Massa, who works at
CityNews in Toronto, became the first Canadian woman to host a newscast from a large media com-
pany while wearing the head scarf. [...] This new trend of inclusion occurs amid a more sinister one,
as reported hate crimes against are on the rise in the United States and Canada. The F.B.L
says that a surge in hate crimes against has led to an overall increase in hate crimes in the
United States; have borne the brunt of the increase with 257 recorded attacks. [...] In Canada,
where Ms. Massa has lived since she was a year old, the number of reported hate crimes has dropped
slightly overall, but the number of recorded attacks against has grown: 99 attacks were re-
ported in 2014, according to an analysis by the news site Global News of data from Statistics Canada,
a government agency. [...]

keywords: US; Islam; Fashion; Veiling; and Girls; (News media, journalism);
Hate crime; Canada

K 5-10: Hdhinpl

BB TS HCE 77 BERT BB VIR S5, 1% 2R S 47 (1) Bert2Joint 7772
(— /N AL 7 AT S FHE G AT 5 AR A ISR, P77 0 Gk 1] i &
MR ZEMERE ) o N TETAEH, A3 KPTimes ) JSON #dfi g U4y
OpenKP 1% 30, 7 VDOM #H 3 id. 5| AISCA. start idx. end idx iBid %
PETALEE, HABFHEE AN 0.

(1) REERSCAY B R S5

8 L 40 B KPTimes 10000 2% 4 1 Y I 265, 1000 2% B4 7 v Sk 4E,
1000 25 HARIEAMIREE . 2 A SREERAT TASS 3, BENLAAEA 7Bkt
50000 254 &5 KA, 7 nliEBEEY W77, EDA A SCE B e, [R1Ey 1
FE TR0 BT R R B 3 RN 3 T A vA A BERT 31448 . {4 F BERT-KPE X4
| PR R B AT I R AN S2 5, B 28 J@ 1Y Precision. Recall. F1 X = fEhn R4
LI AR

SIS R TR S-20R, @i R HER AT LAS A1, /£ BERT X RS E il
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R 52 PG ITIEBOR A

gy Gk Precision@]1 | Precision@3 | Recall@3 | F1@3
Ty T HE 0.441 0.281 0.423 | 0.338
EDA [A] SCia] 8 44 38 712 0.449 0.289 0.431 | 0.346
IR/ IRrS 0.456 0.297 0.429 | 0.351
EJVERN BRI 4 % 0.453 0.299 0.433 | 0.354
f)ERE BERT 3 i 4 146 77 7% 0.479 0.309 0.457 | 0.369

ZRORBRIR SR U |, BRREAA 2 S EBOR A B RS R . @ Id T 1
JIA B SCAAE AN B B SCARY 3 kAT 4 18, AR RS 8 i ok B Al R HY
B PERE R I, UEBA T AR RGuER B IR SCARY I 7 VA R A A TR
FAF TN RE, 3T A)EM BERT a1 7L S T B sk
Ro FJER BERT i J7 V5 B 55 — AN 25 L2 Bl (R T et 2 0.479, 5
Hopth 5 A0 L BUAS T Bed H SR, ERT = AR (0145 SRS B BBV T 0.309 5
I, 1E Recall Fl F1@3 WASEUAT T ANEEHISE R, UF B T 2 T A)35m 14 3
T3 N SRR ] SO S A R

(2) CARY 8 T H XL

FESCARY G THX LI b, ARSCES T RRMSCAY 1 T A Python FE
textaug [F19 34 H0HE 25 FAE AT LESa, fhEERL T EDA #3873k, Refg PRk
FROK A G G H ] SOA . FEIRX N T [R5 N XT b, X8 — i
FRSCARY 18 T H . KA 4] 3k BERT Sl 3 18 75 VA 78 SE 8 h BUE T i df
FIRCR, A SZI6 AR e 3 5 VAR AR B i . TEAR SEIG 75 TG UF 3 T A VA
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