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Abstract

With the popularity of the Internet and the rise of social media, more
and more tourists choose to write online reviews to share their travel
experiences and feelings. These Internet platforms generate massive
comment data every day. Mining and analyzing the potential emotional
tendencies and preferences of these comment data can help scenic spot
managers understand the attitudes and needs of tourists, which is of great
value for the service improvement and experience optimization of scenic
spots.

In the post Winter Olympics era, the popularization of ice and snow
sports has accelerated, the development of the ice and snow industry has
accelerated, and ice and snow tourism has continued to heat up, leading to
the rise of various ice and snow tourism trends. Harbin, known as the "Ice
City" in northern Xinjiang, has gained popularity due to its unique ice and
snow resources and rich and colorful ice and snow culture, becoming one
of the hottest topics and promoting the vigorous development of local
tourism. As a landmark attraction of this "ice city", the Ice and Snow
World is popular and has rich online review data. We chose the Ice and
Snow World as the research object and collected tourist review data on
online travel platforms.

This study aims to conduct an in-depth analysis of online comments

on Harbin Ice and Snow World. Firstly, the LDA model is used to analyze
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the positive and negative emotions in the comments, summarize the
theme content under different theme words, and reveal tourists' travel
preferences, providing targeted improvement strategies for scenic area
managers. Then, sentiment analysis was performed on the comment data
using sentiment dictionaries, traditional machine learning, and deep
learning methods. To improve the accuracy and richness of sentiment
analysis, a BERT-EW dual channel sentiment analysis model was
proposed. This model cleverly separates the semantic features and
emotional word features of comments, extracts features separately
through semantic and emotional word channels, and more effectively
captures richer and more accurate emotional information in comments.
Based on the analysis results, the following conclusions can be drawn:
(1) Positive evaluations from tourists mainly focus on the viewing value
of the ice and snow world, the convenience of booking and collecting
tickets, the rationality of ticket prices and preferential policies, and the
convenience of transportation in scenic areas; Negative feedback mainly
targets issues such as the service quality of tour guides and customer
service, long waiting times in queues, and high ticket prices and scenic
area fees. (2) In sentiment analysis, traditional machine learning methods
are superior to sentiment lexicon methods, with polynomial naive Bayes
algorithm performing better; The use of deep learning methods for

sentiment analysis has significantly improved the performance, especially
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the BERT model, which is much better than the Word2Vec word vector
model. (3) The dual channel sentiment analysis model BERT-EW based
on BERT proposed in this study successfully integrates semantic
information and sentiment word information of comments. On the Harbin

Ice and Snow World comment data, the performance of this model is

superior to the BERT-BiGRU model.

Keywords: Ice and Snow World; Theme Analysis; Emotional Analysis;

LDA Model; BERT Model
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Wi, BB T WAL AT B SR ST LR, US4 T A E
SER AL LA A% 2 2

W, SO T R SRR T T A, B LDA R
R S, SRJG AR T AL G AR STRR B A A TR o 3 R
1 25 STRE G R AT T HLA, B A28 T BB %% . (R 2%, N
FOBFFCHT T 7 IR 52 B R ST

B, OHRRIEIKS K FRIEAT T R, SRJG (5 python B R AR
PR U FE LR VP, S0 SRI A B AT AL B, 635 0 ST MR AT SO A 50T,
ARG LT RS AT, R (5 R LDA 3 BB S 1 B i 47 3
SR, SREGTAR I R

BP0, 43 B IR S SN B8 ST RIZR R 25 51 7 TR I B i
P EAHT, SAJE T BERT BURUEETE b Bl A W AR, 324 T BERT-EW 15
YBTRR, JERTUE [ S LA HEAT T B, BUS 5% T BERT-EW Fi%Y
U HAT R

BT, AT TARMAT T 855, SRJEE T BF 0 R UK St 5
KRt — L, BR AT T AECE AR A 5 e i 77 1
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2 HHXIBIS R EAM

AT RN AR SCE B SCAR AR GHR, B4E LDA £, 1%
iR A I BERLRIAN G N 2 B, Ry J R I SIE AT 90 B BV JE il
2.1 LDA /=R

LDA = B AL i —Fl B F SO T2 40 A1 B AR 18 5 A0 B 1R A i AL, /e
Blei, DavidM, Ng, AndrewY, Jordan F 2003 &#2H . LDA U GEAL MK
B PR S R A SCAR B Hh R0 R SR P 32 R A s K R SR ) 32 8 A T i AR
oA, AT T AR SCR ) E RN 2, I Hod s HEWT H SR
By AT, P RASEIL A IR A BOCAR A28, SR B 1 43 A AN B AR A4 5 2 1 T
£

[ayay

2
H

- K

(a >—+@—@—~‘

& 2.1 LDA = BiERIERE

N

€ LDA USRI, A SO 1 32 R0 A P(z|d) A0S 3 18 b 3] HE B
REZE P(wz) B A 42 183 R 508 704 (Dirichlet Distribution) HEZRFEAL S &
2.1 2 LDA TSR MR I, AR SO R R T

(1) SRR 8 B 73 AT AT KA, BEATLAR SRS 82 B ) 22 5K 43 A7 0

(2) X E B2 WO A 0T RAE, FENLAE R — A 2

(3) SRR o B o A PHEAT RAE, BEAIL AR F 3 RT3 78 22 1012003 A1 s

(4) ZRE T z F1 3 RO B 8] 7 20 A0 15 o 2B RS ws

(5) AWIEAE VP AR A, A n AN, RAERK DFEET
) m F SR .
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EAE ] LDA SRR BEAT 32 i, E AN SO i S T AR T2k
HRIRBANEL, e 2N K 2 —DNEEFPPE, FOERAEERN 38N
o] fe 2 SRR R B AN 45 SR AR . —RORUE, B AN B K
WA TR, HHENEE (perplexity) B{—FPE#E R (coherence) .

2.2 BB FEIER

2.2.1 REH

PSR — b B 5 o) Bk, R T SRRl A (], 5 LB R S
HEA ID3. C4.5. CART (Classification and Regression Trees) 25, ‘& LLREIRE]
I SR TR SR R A e PR 5 SR, JFG b e s — s AL 1 AR — AMRRAE
JEME BRI, AN SRR R, WA AR — M s —
WdE, s 2.2 Fos.

—
{/ 1 ) R
TN o
C 2 C3 )
\‘\k_ —— e \
\H____;// e b g
A7 o7 L et =

B 2.2 esRiEEl

R AR AR LU PR (D) N RAER AT
F, BRAERMER RS UR G BIG 6. iR, REHRHEETE: (2 WE
WFEIRFE, KRR AR T8, EBA R TR, (3) X RSt
TR EAL, PR S, BRI R AR TR RN R 8Tk, PR AR A
FEFP SRR IEW RUZER, JE BYBOR M se B R DR Ja HEAT TR 1

R ) 1 ZA R FnT PR R, DY E AR B OR SR  ARH B,
oy TR HAMFIHLAS 7 ) A 2O BRSO AR B, ) —fe, SRR
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EACERSE, 1M R SR AT AN 7 ZEX S R O TRAC BED B, I HL RS A A ] DA
KPR, B —ASSEGAT RERIIN J& T2 1S58

BRI A 20, (HR B WAAAE LR IR . PRSI R ik
W, Rl AL B A & KB AE A B 2R G B I, b, DRERRIRRRT T
SRR A B AR AR, DO R A I =20 (177 sORA BEIESERFAIE, 3X ]
RE 2 BRI AE T %
2.2.2 iZ3g[E)3

R PR R — R T2 B T Gevh 2 A LAR 22 2] Uk i) o 2R 530k, JCHLE
MF R, RAEHAFEF <R, RS bR, M
T — A B AR o eI A5 S 4 o KR 26 K (B U1 R 28] 0 A
1 2Z 18], DAk T AR R e, 32 48 R J0E % 6 Sigmoid pR%Y, Sigmoid
ESEAPASWAE

1
l+e

SB[ BRI B 5E AN BIAE, ¥ Sigmoid BRI HEE B T 2K
B, B NREAR P TR K T B TN B, MK 2N IR, TN
e

R BB 5 T BRI EAR, & TR RS s R MR, B
TR (Y 30 o R 2 B O M AR, EANRFAIE (KRB 2R T AR e M 25 ) B
BRI T 1] BRI 8 DA T LI — % 2 S JR B 2 284925, (EIB 4R [a] )
RARIE T — 4 2Kl .

2.2.3 ZHEEN

TRFFENL (SVMD & —Rp ki i B ST, T T, [l
VA 2 S R T 55 . SVML R B3 A 87 FH T /N S 0 42 1) 52 2 BRI e
FiE 0 S TR o AT 223 1) ) e 0 28 A AT e R A B R (K 5 0L S th e B
fh,

SVM [ 3 A AR 2 4 B — AN T 23 B S [R50 R B, RN {45 e i
FEY KO0 5 B SP TET A B R TT R, 7 e T BRI 0 2 LB, P 1
A DA BB A B AT, L E R MR R,

sigmoid(x) = (2-1)

-X

10
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2.3 Fimso

Wix+b=1

B 2.3 ZRFAEHEEE

PRSI G 58 58 AW T B 8 2 SR () IR A A, X R PR A SR )
B, SCHEIR) R R SR SR A B O, AR AN R SR 1) B B SR LA
&, e R A . TESERR R, IR 2 HER A R A1
SVM i 51 N A% 57 15 4 Bt i 3 — AT e 4R ) 25 6], A A5 25000 A3 S 2 )
H 2T 43

SVM 7EZ a4 F R I R IFHIZA6EE /T, RIS FERFIE R0 K T AL
5L R, SVM AR 2 TAE. {2 SVM FIVEBE & B M T 4% s B e 3 J L &
BN ENE 25 C dsE, W TEHER RIEdEEE, SVM I ZRET AT iR,
TR A
2.2.4 FEIIHER

A3 UL (Naive Bayes) 58—k T DU $ir @ BRI 0 07125, DAL
R R AR R AE A5 25 I A A2 R o AL F) D 3 o RV T B X AR AE
) AR LT B, RIMEGSE & AR T8 AN AEAT AT ARG 2R

2% DL ST A5 2 T DL 307 58 BT S5 45 58 B A AN 8 T 3N S0 1 S B A
%, FEERASETHE SRR S DL 4 8 JE0 T SRR R A AR, i
Y GREHE A7 187 B A G v B A SRAG X LA 2R

DU B 0 (2-2) B -

11
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P(B|A;)P(A;)
> P(B|A)PA)) (2-2)

P(A, |B)=

e, AR HIRED, B RAENEAREA, PA,|B) &4 CHEIRFA B
IZAE T ARG IS, PBIA)) R4 R A, FEIRFEAR BIIEE.

FREE DU TR AR A = A B AR, AIE BTN 2 U7 (Gaussian Naive
Bayes) . ZIiAANE UM (Multinomial Naive Bayes) B AN SRR 2 DL 17
(Bernoulli Naive Bayes) o {7 kM UL 397 {5150 45 A4 5 40 8 49205 (0 40 45 4 v 0
ONA s 3E A A BSR4 T RRN 2 UL ST R 5% AR 2 DL o 457 00 5 5 Ab 3
BIBOHOR . 22 TR 2% L A R BE S, B T A2 h AN
BURIAR AT AR, IS & b BRSO AR, H N T SO AR AL S 5
TN DL eH 07 0 2 £ SORY 2 ) b HEAT 5, "0 0 02 AN 3 A2 51 SRS v oy
B, TS B VR
2.3 REMEZERE

VR R T (A0 JEL BRS040 SR 25 ST B (R AE 2%, 56— 2
22 H AR TCLL R, A TEE B b — R T, g
VE SR BT AR A e, I 2 RN I LA, TR ST AT DA ST B
F A G PRI 2 3% o AR 2 A 20 L v 0 45 A o 420 0 45 AT 2 00 46 35K 7 2K
T R 2 A
2.3.1 ERWEMLE

BAIZ L (CNND A 1 Tk B LA 900 4 A0 K 4 2 0 2% 1
4, BAET SN TR i 2 P T MR B RRR I R4 BT 55
BRI R IO R BRI SRR XN SR BT RAE SR, B R
fERT LAFAE R — R sl & 7 X, B e NS 3 (AR gk
92 SRAREUR ML o AR AR S5 7E T et 19 32 ST IR o RS Bk
{if, I HEA TR, Xk R FARE G T i hr B R A, HR
25 I 2645 SRR 0% TERF R 3

12
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WAR | wER LI ‘ iR
L

K& 2.4 CNN HERIZH

2.4 RBFAMEMN 2R = 8, Bl B B U N A AN R RFAE,
WAL EAL T BRR G, i bR R > SR 2 A (e, BEAT R4 —
UCRHESREL, PiE B AR N BRURIG, B)a S 2R 20 A AT G T I
JRFBIRFAE, FERFE B 31 55 24 1t 200

HRZE . WE TSR B =2-3). (2-4)Fis:

C=f(X®W +b) (2-3)

Z = subsampling(C) (2-4)

HyrCRRERE, WHRRIBANE, @ RREBHIZHE, b RRmMESH
SORREBIRE, Z FRibi)=, subsampling o RAF SRR .

2.3.2 KEFCIZHE ML

KR ICIZAPE ML (LSTM) 2 —FURpsR B I 2%, it B 12 i
AL G5 RNN 7E AL PR 7 51 I 25 G Y IR B2V 2R BBh FE AR JE I TR . LSTM 5| A
TR A BRI AR, e AT DAAEAS [R] I [a) 25 2 [ A i MRS 5L, 142
FIGH—/MEE T ST TR TR, S Hx L T OORES, LSTM
LR FEVEH S0 . ARG B, X R T NLHE1S LSTM Refig A 2othat
B IIUIOC 2R, AN SE 4 M Al 9125 51 5030 o (R B SR AIE . LSTM [ 254 4 &
2.5 iuR:
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h,
Lo o)

&, g & 3
f C )

Sigmoid| [S1 rmmd Tanh | Sig mmd

(w ] [w ] v ] [w]
[} [ [}

[

X

B 2.5 LSTM HRIZEH

BRI, g 7 BN D I EAZ B o A R E L T A
= (Q2-5) iR

/= G(Wf LA, x 1+ bf) (2-5)

BN, WRIE T ZHIN ]2 A S 2 A R G Ak, THRIE R s

(2-6)« (2-NFT7:

it =G(VVZ [h[ 1° t]+b)

(2-6)
C, = tanh(W,. -[h_,,x,]+b,) (2-7)

AIMRASTEHr, TR Q2-8) s
Ct = f; * Ct—l + it * éf (2_8)

T, YRR T AR AP R S B R e EE

AR IR N — NN RE,
R MREQ-9). (2-10)i7~:

0, = O-(VV{; : [ht—l ’ xt] + bo) (2—9)

h, = o, *tanh(C,) (2-10)

Hopx RN, b 2egnifmt, o Lo RMaHh =

FORAS, C RMATTHINIRE, Wb 7 B AE TG A ENRE, o

% sigmoid PR%L, tanh FIR tanh BR%L
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2.3.3 '[iZRIFETT

TR (GRU) J& RNN BI—AMEMR, AE05 4 BRI R 1)
A T FO B8 FEE MR BRI TEARRE T LSTML H9 A0 R 3 I S 4 4 44 5
DT, S —Fh AR A TR FR 2 045 . GRU B2 bl o8 37 )R 2 B T T
I P X [ THIFF SR A, GRU W LA B8 Hb 58 390 A 0 8 FROIR S . S0
VRSE T 2 R AN A5 R RT — AT 1R 25 (1 BBk A5 22 IR B, AT 2 )
T BRSO ERLRE, EE IR T AR (A5 A BRI [
RO A 2 I AL, AT T ROk A5 0 o B AR, Sl 5 N IR
ITEIFLAL, GRU B4 58 4 M Jo 410 PP 91 55030 o ) 3 SR AIE o R 25 K L1 PR 2.6 s

hl
K 2.6 GRUERZLWH
GRU W BARTF R =0Q2-11)-2-14)Fhs::
r,=o(U,x, +Wh_ +b) (2-11)
z,=oU.x,+Wh_+b) (2-12)
h =tanh(U,x, +7 *(W,h_)+b,) (2-13)
ho=(1=z)%h_ +z,*h, (2-14)

Forrx, g e I ZI IR, A 9 B I 2R BERZIRES, U WAL 23
NREANRE, oy Sigmoid Wi s E, *RIRFEFEXT RN T ZH A
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3 KEXEAEL RIS

UK R 52 A [ e K UK T 3 i AR [, & AR A ZR A e 28 T Ml A A0 3 44
UK S SR JE EAK S SR8, W51 T o0& i R B o 83 % vk 5 Kt
FTELVERBEAT 24T, F5Bh 7R RN SR FR R A OGE s, JF B8 H LDA
R AT AR PR P ) 3 RRRAE, R AR R S R A, SN AT T
R (RPN S 452
3.1 BRRKEKRH AR

HE IR VK 2R Rt SR AL T B BV A WA R T A — A KUK S A [
CAREIT 1999 45, &I T 04 T-4F B ] 20 i i 0 i ) — AN KRBk S
SRR I LR M /RIEVK T Rt SR A G /RS UK T SR SS, FIR T e /R4
HITE AR UK T 5 (R R R AR S 1 B0 T3 1 A AN 2 1 ok 2 WL

WA JRVE VK S K SR o5 M T AR 20 09 465 J5-FJ7 K, £ T vk & #y
M, XEWMEFEEZEAKEREE. IR BEh. KRS DL IK B AR Wi,
TER T — AN R AR T — R LA MK S ik X . X AES 2
TRk, A3 AURAE £ MR AR g KR AR
BEAS XA Fh RS XURS R K S RS AN 2 S 5. EAh, WA RIEVK S K I R 4R
7 — RV EE SNSRI, DUISE I 102 5 BERI H AR R /RIERIK
BRI TR —ANEIKE S KRS ZARFKE SRR T — R 5, R RIEL S
R 2, R E VK S EEARER . —

B R RIS KT 2023 45 12 H 18 HIFEIEE, LLlmfEik s
BN AN T/, K 2025 FERIRIEE A2 5T . VK SOk g Aok
BEATGIE, AR R AT i — AEIK S SR, IKE i, IKFHE. kS
P UKFVES) KT E TR NOKS SRl . 55 1 o R UK S O Ak
I S KRS, ITIE AR 3 /8, T2y e NEEik 4 73, #E 2024 52 H 15
H 24 wHEXAE, gk 61 K, RBiHERRIE 271 5K 10N INER R
N T E ZRACHIX UK Sk 77, UERA T A R VK S Kt SR R UK 35 e i AU
SSRGS A LU R 77, RGET T AT TR UK S e A
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3.2 BRFME AR

3.2.1 BIEEKIR

B TR BRI H a5 S, 7RI PR R e, AATTERSERAT H 1
iy TS SRS S A RIS AR . 38 I B AR R A 56 A
FEUL, RENS LI T AR H A SERR A L, B S — e R RE Y 1), T UK I —
S S ) = o EORE E

TR E—MELT- &, AR IRAVERENUE T WETT . BER=
KT VRS RIWEER . T1SEE NI AT BURAT IR o il Wl s~ & 1
WA YRR H I s 5SS R R A PPN FIIEE, X EEVP A
FEE R I LSRG 2 AN, W DAFE B A i s S0 a3t 1 AR AR £ AT H K
i, A FIESD, O SE R RAT URSR,  BRE RAT R R A AR

Har, EWNIELRIE G R EERRIE. ZWLM. FRRRIT &P &
FEIRAT SR o 2024 - MAIGOO fit A% AT 1 8 BT X s, 12055 5.l CNPP
KRBT 6 IR ABE SR, G 00 TR AT ML 44 B2 L 0 DR 4
MR 7 AR 5 4 15 O A5 A% TS S Bl o B B B AR 4 AT AR ()
WRAT WHEIRAT BWIL. DR, &4 ZOWIRIT. FE. wE. gk, K
AR FIRRIRAT . CARIRAT AN ) Lo AL SRR T 51, 2R 2 P A
%o BT RIRAT T G A8 AT AN RS BT 7 T AR T, BRI S R
HARBONEE S, ARSCHE IR . 30 ) LA [ RR AR AT = AN 32 B 7E 2R i i IR 55
B, VRSB SRR
3.2.2 e HIERE

N T AR IR U B AE L VP R HCHE (1 B ()R AR, A3 I e | B At 2 AN iR
Ve 3ty AT Hcdls o AR AR S N TR AR, € s m] DA Hh K B9 5T E 4K
HOCF IR A, SRS R4, I FLIE dn] DLIg> N A R 26t B (4
e B (R PE A P EEE . 4RI B B B AR Python. CHEIF Java
5, ERMBFHAREME, Python B INfAISAEEE, ASOKREL Python TEH[H)
J7 MNAFEAR 22008 ) AN 5] F2 AR AT I sl SR EH R VR UK 35 DRt 5 s I AE B Pl SRR
K, AR SV E L TP B, YRR A W, SREERI S AL P 4L
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H AT 55 ] S E R R 7 2 SO SRl . Hownet 1 X 17 /2% m] it
BB K NTUSD FIKIEHE TR 5 SO BT AR A o 455 2] L@ i 9 9 g A
Ay, ARRRIRS JR L AR RAA ML 7  ] DL R A ]  RUARR ]
SR VH Bl 1 2] B 23 SR 1 FRAA TR T AN A7 TS 45 PRV, e = 00 AR BRI AR

H
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g, <D PRNETIE ARG S . 75 g Tl R S A 0 R T IR IR A B A5 E 1R, A
AN BCEE, X EETRIAE 7 AT S 0 1 RS A I A T R R R 1] 1] i
VLA T BN 5 A B S5 A 1 R A AR S IR, R R CRIOAE, XK
X T REHER R IG IR o T R E 2L

N TG SCARNE R T ARG BE, S FNY 7 SRRl ] S g — N oG EED
R, X Sl 2 A RIS B A I, RN EREE I R AN A
T SR 0 B o B EKs Hownet &1 1E TIVEA 1715 . NTUSD IR
] LAY AR 2R ZE SO SO S R TR A, KR EE G, B8 —A4 %
Tl AR A S m] s [RS8 5 IR AR 3 — A AR T AR A IRk ] B SRS 20 1]
J5 BRI IEAR] 75 TR R 8 R 1] 36 I A7 S OO L A e R SRR EE R IE SO
TN =73, O T B R B 3

(2) FFelE A

A0 FH ) 7 ] S B SR AE STA /M b e 21 1 B AT, {5 T AN [R) s
PRRX GBS E 72 57, — SEAE Ry 7 MU B A B S 95 B 1) 4 3] Y 7T e 3
oI R IR . BRI, B0 RE E U MR TR oK, 7 S0 155 ] AT
Ak, EXALFEF, SRHEET Word2Vee 1 AL T8 772, SRR
bl U Y 225 i< N

G A — 2 R B A A ) PR A R] X R 1A R AR B
SUSANE AT B 8 Sk BARTEIL T, WREAMERLEE rhk B A 9 2
] RN AE g n], (BIRXAEIF RSO R AT ek K TIESE. Bk, &
A& B) TF-IDF (Term Frequency-Inverse Document Frequency ) 515 I\ SCAS HR$HY
KA VE G &P F-15], TF-IDF & —F&it 5%, ©Re it A SCA
OB SERENE, AT AR ) SOAS Hp bR AT 50 0 a2 HH B A AR I 17 S 18]

X FRACER J5 (VP8 SCARHEAT T TF-IDF 5, R4 H5 H 1) TF-IDF {8 %} 1]
BEAT T HER, IFEEE T HEAET 1000 OCHA o 1 B HR A 2 B T BT SO
R AR, BRI, EATR AT R B 1 PR T B 32 B0 AR B 1), TOP20
IR AN 3R 4.1 P

]
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# 4.1 TF-IDF § 20 ><4H
KA 1]
U38/a8 UKHE mlfz  EEHES
—BEAE FEMTE AR IR
K% s R ANKZ
AR mar KEFZ Kz
{EKE ey E ik FHEBA

&1 TF-IDF P i i o ialvh, N T B ob B B I 175 8t 1) F ) 1E A
A AE B THI 7 R -], JHL Hp g 426 1 T 1 J 1] 5 AR 67 T 175 SRR VR 2% 100 S, A
JERP TR 4.2 iR

®42 HRFTH
1ETH i

o KETE KR ik
—EEAE EER O AKRZ T

AR 4 FHEBA MME

fa/"  EEF WA AN
ERIE T AL Bk

wmrs HEfE B REK

REF BeARK i MER

[BlfZ IGFRT AN 5

At TRIE zEE AL

i AT Bk %z

it FH Word2 Vec A58 1 55 H A 1 -5 17 SR 33 A ARABLEE, XA R0 7
i, RS HEAP R, JR AR 8. WEAMUEBI{EDS 0.6,
R AR 118 55 b5 3 AR AR BL R BRI S 42 Rk L n 28 156 Jm] i v
DNHTAS IR R T 55 L SRR AL R A 3w A ) (0 1 S ) » SRR A 31— N FE R 1
TG, EARE T EORIE A TR, et 7 51 R 11 B
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FEARRIE DTS, A4 i 1 1 [ AL 10 7 5 SR 0 AT (R R 12
4.1.2 FES N

BEE — /MR AT AR B R G, BT A IR 2t B S5 B, A I
T 17 R V] 1 R 17 IR R T T+ 1, A SRS Rl i A I -1, FEREAT A7 20 1A )
G SR ] 5 [ B AR A e, AR X L AR B I B T R S R B
TR RS, 5 R R A B R R AR, X T e ], gy
SREEE S BOAERE S, T T AR AR, AR R A B S
B, FHI UL —AMHENI RE, FEATH, BE T A MREIRIIBIRRE, 47
N[0.5, 0.75, 1.2, 1.5, 2, 3|MIRLE. M4, EFEREA) TS RRS, W
R—AN IE S A 5 1) 7 A 48 R A RIS, A4 HE A 38 m 2, T T4
WA, R RA ) SRR S, A SR ERED 2. &5, #
BT A B BOE i, 153 B &5 4, AR IE S, AP ST
AR (PR A, PP RN A 4.1 BTN

]

BIEARERNS |_|1 3
x(1~
l (1~6) I

IEEiRR

AEAEER ‘W‘

AALERHBENS J 42 |

- Ei s - B
e §§> il
BiIiE h R AEEE =m

AE A EER m
RERE L1

Bl 4.1 15 S S

4.1. 3 LWHES TR

(1) I

AR VR SEZ56: A5 FH B 000 A DA 22 /i i X i SR (A M IRV 0K 5 K T 307 25 7 2%
IR, JEPEER RIS 12162 £ EVE. PGV =M Bl e KR e B, ik
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b (B PPN Z VPR TG I A (0 SE B A, Bl BARTS DL Ak 4.3 .

K43 TRPEESRITR

18 B K b (%)
1E T 9827 88. 55
il 1271 11. 45
S 11098 100

M 43 FURIL, BEEET ISR TR Z VPR 8 £, U HdE 4
FFAEAE R ANT A 15 190 » T 5008 PO AN S804 o AT AT 2 LR ABE Y B g ) T 22 S O
A, WSS R IAE

(2> VF 4R

TR TS5 2 B MG & A3 i I AR S5 22—, PP AR AR I ot i
RIVEH AT HAEFZ (Accuracy)  FiffiZ (Precision) . HAHZ (RecalD) .
F1 {H%5 4845

#ERZ (Accuracy) 2 A TN IERA TR LU o v 2T 5 A 208

TP+ TN

Accuracy =
TP+ TN +FP+FN 4-1)

FUER (Precision) fEfRERAIHI N EBIFITEOL S, A2 OFEARIERIE
1, FeuERMrE R A HERYE, RerESREEr, T AR TR A T LE 5] I (R AR
R AFHER AT A A ON:

TP
TP+ FP

A (Recal) XHONE SR, FKonfrf HILIEGIF, 2 /D5 1k
WRIONIEG], & 7 RR IR RRAEE 7). A RERA TR AR
TP
TP+ FN

F1ER NG EHE 7R AR R A 5008, R0 H bl 3
RIRATT- M8, AEWs S A P A PR RE . F1E AT 2 308!

_ 2xPrecisionx Recall

Precision =

(4-2)

Recall = (4-3)

F1

4-4
Precision+ Recall (4-4)
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Ferr, TP (True Positive) 7 IEFEA AR I 4 IEAEAS A%, TN (True
Negative) KR HFEA M Y FAEA KN4, FP (False Positive) R fAFEA
WA RS FRIM A IEREA AL, FN (False Negative) 287 1EFEA A% 7R T Ay 472
FEARIIANSL

EAERRRZ, A BRI 2 WA TR TR bR, BT [A) A7 A2 — A
R 5% 2 5 J0HS Ay SRS R R 8 70 DR 15 0 R A R B[R, e B 1) A R,
RV AT g /D R A ] R AT BE e U o PRI, BRI RS 1 0 A [ 3R v
A TR HE RSB (140 25 RE 7, T F1 LR RS B i 4 (RIS i R, s
SRR AN A B 2 A ) OG22, JE e AT DABE A [ PPAN B 1) 4 AR
4.1.4 R

S 15 AR LR 1 TR BT 4 R U 4.4 FToR -

K44 BROWER

5 Precision(%) Recall(%) F1(%)  Accuracy(%)
| 44.48 59.64 50.96
86.85
1E T 94.54 90.37 92.41

SRR, IETHVFSH F1IAR] 92.41%, ERBIERIFR T HEMRL, K
Pl IE T PR A v A R R, T ELR IR BUIR, A PHe i F1 A
50.96%, HARCRIE « IXELEE IR AT e 52 BIGEFE N5 IR S, LA BOE M0
WEE 2R 50, N 73R R AT IRCR, 7 Bt — B3 e AL 15 ] i
CAR R BEVE I IR o b, T SRR A IS RE M B 5 S M5 J2, mTREE
B G NER IRk, WIRE 3] 4.
4.2 BT REHF[FFINBTROH

BT ARGNLE G O 7k, ARG T WSO T S B R AL ,
SR G LB GE T RIS o7 2] SIE IR B R AT I A0 70 2K . IX AR SR 2%
5 I ITVEAE R B A AR S R A B R I H 1, RS 7R K & IR SO K 48
A HI RN SCH SR, R8Ty ikt R IR, beanxk DU B RS R4k 3L
AN RIS F N RAIE LRSS KU RO AL BECR AR R 55 R Ik, T4
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LA > B B BT TS R 2 1 R At U ) BB il o, B PR 1 R AR AN )
BT SCATE KA 77 TR, B0 5 S AUR B 5 S M 28 W 2% 7 iR SR 1t 17 St AT S

7N o

4.2.1 $F{ELREN

X T PAL RS I PPE B SOAR R e LA 2 SR A n] SR U AL, 1748
B (Bag of Words, BoW) MHAM-1 S A4 Ai%e (TF-IDF) & P FhH LI SCACRE
fESEE T % Fedlh, TF-IDF & — P e SCRIZHRAIE SAS 2R tek)V2 J3 H If #
AR, BAEVPAS —ANRIE L SCRY B A BOE R 4y SORY IR B . A 0 A R
AR —ANENBTE S SO AR S B, ARAE A SR b L, T 3 1] 1
TXAMZC AR RA BN E .

KH] TF-IDF J7 552 OC AR E, IR X LA R4 iR R 10 &, (L ARG
WAL BN AR5 ) BRI AN 2R DUy SCREIAT AL SR SRR AT 1% 1 o
HribE . TF-IDF [ 752 X n4-5)-(4-7):

T WAESCRY I TR

178 #1(TF) = : = -
FIS(TE) SR (4-5)
- R

1445 (IDF) = 1 - -
SRR (IDF) = log( a0
TF - IDF = TF * IDF (4-7)

4.2.2 EEN)IZ

EARBFL, SEH T Sklearn HLAS2: 51 Fi sk LB AT, it thsfeb . 32
SIS SRR R DB 26 DL DO b A ] (ML 3% 25 59 S300] b AT T %
7R I BOR B SRR R R, b IR T B IR, TR
S P T VAR 0 T B8 , 5 S 00 K 72T 401 1) AR 9 I ZRse AR 4

BB SRR Pk R A OUZ IR T3kt B8, BRI T S 5 i B
HBHOTA T3 R () 4y 25 VL R 28 06 TR, FRA P S 00 e 10 R
FFRIRIPEGE . PRI 2 (Grid Search) JHIE i35 & SR A FiA AT RE 02
WG, R AR, JEIIERE, I R R i E . B
7 AR RROR, (HAHs RO T IRERES RS, HRPIRI 525K
TR F AR .
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N

N T IR BRI SRIR SR, A SCRH T RS R TR LA 2 SR i 2
Bty T, BUT B AMHLE2 IRR h rBE S 4
(1) RFH S

R 4.5 WRNSHE

P AR 28 Al
criterion ['gini', 'entropy']
max_depth [None, 10, 20, 30]
min_samples_split [2, 10, 50]
TR
min_samples_leaf [1,5,10]
max_features [None, 'auto’, 'sqrt', 'log2']
max_leaf nodes [None, 5, 10, 20]

o, criterion A2 HIRIIE /> 2R BTR K KA, W HHA gini GEEAZED
F1 entropy ({E 2 4425) , max_depth AW KRS, min samples split K~ —
M RIEA B/ IX A Z FIFEAA G732, min_samples leaf K771 fi
U B/DIRAZIREAR, XASEPREI A, max_features Ty 4k S £ F1
2% RS I B KRR, P DL B84, % 8. 475 8 None, max_leaf nodes
B KM 1719

(2) BHRRFIHSH

*x 4.6 ZHEE PSS W%

R ZH HfH
C [0.01,0.1, 1, 10, 100]
AR E penalty 11,12
solver ['liblinear', 'saga']

Horp, CRRIENLIREZ RIS, BONETEE BRI IENAL, penalty Z4(H]
THEE M IR EE, HLEIUA 11 112, solver ZAHRE 1 AEPLAL I H
fil FH S
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(3) CFFHENSE

R 47 XFREHNSHRR

L ZH Bl
C [0.001, 0.01, 0.1, 1, 10, 100]
SCRE AL kernel ['linear', 'rbf', 'poly']
gamma [0.0001, 0.001, 0.01, 0.1, 10]

Hrp, CRIEMWSE, HAEDVIES, BUMY C BRI BT, M
K C BAELEBARIANGRAR, TRt PR E, kenel ZHd55E 1
FESE A A% s 8RR, PTLAZ linear. poly. rbf. sigmoid ¥, gamma & X
T AN ZRFEATEN RIS ] BORMME RS BRI AR A AT B 9 R0
(4) ZIANR TS5

* 4.8 TSR N H S B0

P ZH Bl
alpha [0.01,0.1,0.5,1, 2, 10]
Z WA DU
fit_prior [True, False]

Forhr, alpha /2 8 S T BORZETE T S8 S EOH TP k2R A,
ERE N 1.0, BIREH BT, fit_prior & — MRS, KRR ESF LKA
SRl bR, WATN False, NPT SRR SE I MR AR M55 T .

4.2.3 RO

i A R FAEAE N GREE Bl G S, f8 B AR 38 R 22 IRAE 1) 77 054K
A S, SR G AR AE R AN B A o DASSAIE, PO 45032 Br I 25 )
ARV FERR W R 4.9 AR
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R 49 BERMER

TR PPE2RA] Precision(%)  Recall(%) F1(%) Accuracy(%)

yilia| 60.09 55.24 57.56

VS ) 90.90
1ETH 94.43 95.39 94.90
gl 77.51 65.32 70.90

i A EE| 94.01
1ETH 95.72 97.62 96.66
gl 80.00 64.52 71.43

TREREL 9423
1ETH 95.64 97.97 96.79
gilia| 81.59 66.13 73.05

AZR DL 94.55
1ETH 95.84 98.12 96.97

GERIRR, FNE MR IR, IE e AU TR F1 4514 96.97%
il 73.05%, JERHH T B IOHER 2 A0 F1 #3435 VAT SVM [ DL,
YRR ZE RO T IE TR N BCRAR S, (R7E ST VR FIALEE b 58 AN He At 50,
T RAERS A A [, 3R phy T P SR IR A8 5 o A R T
4.3 ETREFINERSH

L GE I IR T 77 15 2 B TR B WL 88 25 5T, A 7 A T T LI
T A M, T AL 58 25 =0 0 U 5 B A AR (e o AT, Iy 7 A B
FIEAL BRI W4 FTE SR IE 3 SO AR I RO 22, o T p B A K B 13
A R IR AL A 5E -

VR 2 ST DL B S, BT R T W AT RS, IR ST RERS 1B
2 ST AR, X T LR IE S0 A A B AR A BRI RE . LR
— B (VR A ST, WA PR A 4% (RNND | KAEHIEIZ %% (LSTMD
175 JE 4% (Transformer) , ‘B AT T4 SC AR B-K B B85 10 5 2% LA 08 T
B TS A TR S KU I B . Rk, TR 2% ST A BT L2 o 2
ATIF 50 BRI S R B, Y 22 F 96 LA S F R B0 E kR FH R P 2 ST AR ke
THE AT TR -

4.3.1 JAIHERAIERY
TN RL [ SR1F 35 A0 ER R () — R BRSSO H 1 337 4
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RO E BB R R X R RRE WL ME UG R, MELEEE )
RS e % B A b AR R AR 3 1 AR S AR o AR N () A A SRR 1 (] (1
W SANEER R, FIX e RS E| — A 242 ()b, il LR AR AL 1]
YA B St 38 AT 1) 25

H AT, BONTAT IR 2 — & Word2Vece, ‘B B Google W & T 2013
AT RAT, Word2Vec T HIZ MK, Refifisid 5 > KBS RHE o (117
JCSE IS Bk A A A . Word2 Ve BEAY F AL FE PRI ZRALH), 42 4%
(continuous bag of words, CBOW) #1 Skip-Gram, CBOW Fiil| H #5511 3L T F
T3, i Skip-Gram JUIE#FAH S, B TR B SCEET H AR A

Bk T Word2Vec, GloVe Fl FastText tH & FiFli 52 WO ()l i NS, % H
R TR RIS . GloVe BAUMIE T B LM & /G HE B, B84 T
B R e AR RNV 1 R SOOI A, T8 T X ARk ) P U R AT
€, Ai . FastText BAGIN T FilfE 8, Fal R EAEEETE 1E
B RN T
4.3.2 BERT Tl ZiRHE

BERT /& Google ff] Devlin 25T 2018 4E 10 H & H I HIZRiE SR, —2%¢
JlHT T 11 A NLP T4 15 5. A28 5L T Transformer [F8UA] Jmfid 85 %R, &
— AN TNZRIE T RACAY, &R 7 A TR DU — R AL G e ) i 5 Y
B AR S S AT S PRI AT IO, T2 R AR MLM
(Masked Language Model) F1 NSP (Next Sentence Prediction) 7 Fh{T45#E47 Fil
UIZR,  DAICREAE BOR FE IR X ) 1 5 R ATE

(1) BAILEH

BERT #5284 ) 25 #4) 7& 2% T Transformer [1) Encoder, =% H % 4> Transformer
PREHEZ M. 5 4.2 fiox, HH El, B2, ..., EN RRFHISCARHIA,
BN G 7RO B NFIL B N =3 B, KR8 2 2
Transformer 4RAGa% HEATALFE, B 243 B SCAR T M B E R .
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B 4.2 BERT #ERIZH

(2) BN

4.3 NSO AN R ) A BERT BORUIN, I AT ALY
NN B MBI, B s = A InfF 3. BERT HIHA 7 &
NCARFEH, FRAIIT k. SR IN— MR II[CLS]. [SEP], EREAF5
TG FNSE R . AN B3R = embedding, 7B 15 8 embedding, *&ia 7
HATYRAY, H11] embedding, HSCARF RS F O &, A) T embedding,
DX A N R R P AN 1) 7, SRS T4 L) =A™ embedding & 11, ¥ JE A T BERT
IHETIPANG

wn o) [ [ ][ ][ [[en][ ][] [ & ][#]|en]

mmzme [mos)| | em || e | o | [ex | o] [em ] | on ] [er | | of | [ase

aem (o] (o] (o] (o] (o] (o] [ [ [ ] [ ] (2]

@8 | eo || e || e2||es || e || es||es || €7 ]| e8] 60 ||E0]

K 4.3 BERT HEEIEA

(3) A

BERT # M (A IR, — P w1 O &, X oA R i
AR, BERT A A2 AL pl— SRR AR A R, 20 £ )& Transformer 2t
AL, ARSI AIA [ B2 S A A B SO AR E IE R SR A
TR A&, BERT BEAL 264 A 41 RFIRAR I “[CLS] #EAT AL B, X
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“[CLSI KR I R R TR B TR, A A0 T e e 23
S, HEREHRLEEA A TV LS BA T SOA R, W 44 FiR.

I

BERT

I

[CLS] BR £ & & [SEP] 0 J§ /R K [SEP]

K 4.4 BERT A% H

4.3.3 E&NLK

VR B 2 S HEZE Pytorch YIZRAEAL,  VFA% AT LA (R IR B 27 S A 20 1 A ek
SRS LIVERE . AEREALETE B, SR Word2Vee HEALIG SCAR B 4% 46t Fi ] 1)
B, BRI B NN, 2 E] CNNL BiGRU LA BILSTM =i
AFE PP LSRR 4k, IE 5] N T 3T Transformer 2244 1) BERT Tililll 25
B, i FH - S BERT-base #5744

R A R BULE AR RN 2R 64T T i3EAT, B — RIS SHURFE— 8. &
BRI B DL 7 80% K SCAS, Hirr, Word2Vee #528Y f) e KA 25 30,
1 BERT #5545 80, VI Z5#tb ik 15 B A 32, IEARIRECH 10 Ik, TEMLAL T THT , Word2 Vec
BRI S B N 1e-4, T BERT 84 (12 2] %08 2e-5, 1A Adam BiE1EN
WL ARALES 40572 R BN R B 22 SRR 512K iR B

N T ARUE S AR BEAE S AT AT 55 U R AP PERE, T CNN #iZ
%, BT T HIRERIbLERNE, X T BiGRU R BiLSTM, % FH #3482 ) 752
FHEMWENSE, RAENSHERED IR,
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(1) CNN &%

# 4.10 CNN ¥

A ZH Hla
filter sizes 3
num_filters1 200
CNN output_sizel 25
num_filters2 100
output_size2 20

Horpr, filter_sizes Jy B RUZ IR, AEGHIZE GBI HRITEL num_filters
TR R ETRZIECE, Yo T ERZE I HIEEE, output_size FoxH
T TS5 A i R

(2) BiGRU 1 BiLSTM Z%§

R 411 BEAHENESH
B ZH HE
hidden_size [64, 128, 256]

BiGRU. BiLSTM
num_layers [1,2,3,4,5]

Hrh, hidden_size AR&EE VR IERE, g T FRBRASHIZERE, num layers
SRR 25 HE B 1 2B
4.3.4 R

XHEE T3 H] Word2 Vec il 7] B 45 5 AN [RITR 5 25 S A AR B 43 ) BERT 47
FEIG IR RAE LS BRI, S5 R BoR, XESRBAYLE 7 AR PR 7 R4 55 13
J&oR T AR RE, BARILIER 4.12 Fros.
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R 412 BFERINMER

Rt el Precision(%)  Recall(%) F1(%)  Accuracy(%)
T 76.64 75.40 76.02
W2V-TextCNN 94.69
1ETH 96.91 97.11 97.01
| 80.09 74.60 77.24
W2V-BiGRU 95.09
1ETH 96.83 97.67 97.25
T 82.27 72.98 77.35
W2V-BiLSTM 95.23
1ETH 96.65 98.02 97.33
| 83.87 83.87 83.87
BERT 96.40
1ETH 97.97 97.97 97.97

MEHRRTLLEH, 4 IE RSB E A b, S F1 {H A
3 97%LA b, SoRH TR RN N PEREZE S, DRl LA AR TR SR PR R
PPN 73 SRBOR o FUBHT =AML, R I A Word2 Vec 1] [A] & ) TextCNN.
BiGRU Al BiLSTM ) F1 {H.%3- 518 76.02%-77.24%#1 77.35%, BILSTM Al BiGRU
REAL F1AHZE 5T TextCNN, 1t X 75 PR 28 000 2% 7 SR BUOCARRFAE B R RCR
TR T BRI E W 2 o 5 LGSR FH B2 10 ) & A2 B 2010 BERT #5584 5 5L T 5 2 17
[ E Word2Vec [RI#Z5 /45 1578, BERT HLALE FT A PEAS R bR L #0RILH T ik
P, XM T SRS B AR IR R R AR S & 5RO T SRR RE 7, X1 A
FIHIEZ R G5 R, L AE o A BRSO B R, #EMEE IR RE 5%
bk B B e PR R

4.4 ET BERT-EW BOXNUEIETE R D HriREY

4.4.1 BERT-EW QS E&a

A SCAE BERT #5228 B il b fb 5 PF A8 SOAS 1) 1% B SRR AR 5 8 SRS 22 T
BERT-EW XUl B 1% BBl . a0l 4.5 Fros, ©EER =04k, 5
FeTE SCRMESEEL, 15 Bl RS ORI 5 HH 02K

J
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E | Softmax ‘

9 1
H :
2 == |
2 i i

| Concat#iE ‘ i

______________________________ f

& BIGRU !

4 7 .

LAy !

D AE l

IR .

| h BERT

B3 €
& 4.5 BERT-EW XUE BRI 2 &

(1) 15 SRFESR AL

PP SCAR S e 4 i BERT A58 ] B2 ISR A (5 e 4% 20T B, B OSOAR 1A &R
G EHAR AN G) T2 Bobn IR R, AR SR 562 72 BERT HE2Y (R BEAlt b b AT 1% 1k
M, ANTEFEW AT MR, Pl m & R fFE 2w RS EREARR
RIWAT

K SOAR F) R\ BERT B B A 548 BRSO 331 [ &, BERT H
12 )z Transformer 0%, fil& BERT B8 2 JZRHIE, ¥4 BERT B8 A5 VU JEH
i AR INAS B S 24 B SCAE X R om W, T EA X (4-8)-(4-9) s :

T= (X, X5 X355 X,,) (4-8)
12
=3 (4-9)
Sob 0 FRICRMKIE, xR AT, T BERT MU i
TN

JE5a o
W28 S 1E B BRFE A 2 7 i\ BiGRU W25, 3t — D424 E e Bds i B e
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HXAG R, MRECPHEFEMEZERESCRHEE G, 1R A (4-10)-(4-13)
Fi7R:

—GRU(x,.g. ) (4-10)
—GRU(x,,g. ) (4-11)
g =wgtwg, (4-12)
G=(g,8:858,) (4-13)

Hob, g MBI ORI RRRIRA, o MR RTEE O %0
RIRA, o Flg MFCRAE BIGRU 75 ¢ I ZIM0BRUZAR & 2, G N BIGRU
0t 5 1 B

(2) AR fR L

T R SRV T I, K5 20 D O B L RS BRSO
BN RN LT, EOREETET, BTREY, KEEME, 1
L7, SREHHEBIACENE, AR  EN, CEET, L), ENE
SAIESC A 7/ -E TR BB L0746 1 B KAL) SCA A BERT
R B % 200 T 2 NS A 11 I E = (3,0 %,,005%,.) , SRJ ) BIGRU

o 2% o) 17 [ IA] [) B B HEATRFAE SR, 45 BV SUAR IR A AFIER R G

(3) fythr2E

B SCAS B SCHRFAE o) B AT BA AR AE [ B BT HHE Z S5 2 W& C, )5
[ CH NS4 E Y, @i Softmax 7728 s HUm HI A W 70 B S, 4k
R BISCAR RIS, THEA X W4-14)-(4-17) For:

C=GaG (4-14)
H= Relu(WhC + bh) (4-15)
D=WdH+bd (4—16)
S= Softmax(D) (4_17)

Hrb, GIEXRHERE, G ONEBERHLAE, H. D AEERZRRmL, W
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A b 53 53| Jy A E A
4.4.2 BHRIE

W E BERT-EW B KAHESHL, PR SCAKE N 80, 1HEBHRFIEKE N
30, IRk iBEE A 32, ERKECH 10 1K, EHE&EN 2e-5, KA T Adam
MALZRFIAE PR R X T BiGRU #1445, KA T MR R 15 okt
ITZHOAR, BARMSEEINE 4.13 FiR.

% 4.13 BiGRU MZ W& S5

ZH Bl
hidden_size [64, 128, 256]
num_layers] [1,2,3,4,5]
num_layers2 [1,2,3,4,5]

Hrft, hidden_size NEEHZMIFREE R, num_layersl AFEHE SR B #H
ML EH, num layers2 AFEHURE BRI RHIE AP 2% 240
4.4.3 RO

53] 7 BERT-EW XU & 1 8 pr i B 2 B, JF 3 — 2P 5 BERT M1
BERT-BiGRU B FI P REHEAT T LA, 2 REIRTESR 4.14 .

R 414 BREONER

Rt Gareil Precision(%) Recall(%) F1(%)  Accuracy(%)

yilia| 83.87 83.87 83.87

BERT 96.40
1Em 97.97 97.97 97.97
yilia| 84 84.68 84.34

BERT-BiGRU 96.49
1ETH 98.07 97.97 98.02
gl 81.62 89.52 85.38

BERT-EW 96.58
1ETH 98.67 97.46 98.06

BERT-EW HERURH] 1 XGEIE AL ELHLA, 70 530 A BEVF I B0 38 SCRAEAT 3 fe 1]
FEAE, TEXFMICEIEZEN T, 5 SCEE RS BIAEE M B &0, B—A
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CRERHIER R, XA B TR R R 0 = 5 AR RS B R 1 S L MR TP DL
BERT #i % J54% N\ BiGRU H 88— () BERT BSR4, i8I 7E BERT K%
HIN BiGRU fg % $#& HUA] 1 v S0 VRS2 O R A RRRAE , AT S T 23 SR HE R 1
BERT-EW [ IEH $F8FI G VFA2 1 F1 5371 59 98.06% 1 85.38%, 5 BERT-BiGRU
FHEG, BERT-EW 7E F1 Ml Accuracy fEbr FIFRILEAL T BERT-BIGRU #54!, f&
AN TRFEHIPERE o X PRI SCRFAE R R RHAE Al IR SR, R T SO 1
RS R, AR AR BE ME AR HO B AR A W SR B 1 Bl ], BERT-EW LAY
KBRS 52 AR RN AR AR R SO HAE I, B R R I A0
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5 RES5RE
5.1 &g

B T R e YR T JHC R IO S R 1 4 4 T A 4 S H (1
B, AT RER R . UK % A R e, T T R R B vk
TR, A AR R AR T OB B, R T R AR
R R A T B S DA R UK S A SR UK S e B A, SR AR WY
S (DK it 7R 2R P AR MC 6 S AT A B R AT, 5t T
F L

(1) T LDA BB T RS, UK A 5 00 2% 1 T 1 kS St 5t
PRI o R 455 R T R 60 = A R, 2 7 5 AP 0 T 3 B 1
VKA LB A AL FR25 5 0 R P B S T 5 U (]
SR TR B R P e AR I K S0+ 24 R 0 T R S 45
e 2 7 T 2 T PR 5 PSRBT P B T A 2, R 55 e i 2 R
LR ER S B IRIOIRSS . 150 RS T UK T A SRR 36 2
B T A TS I X FO M K 25

(2) AT HTIG, 50 R B AL BobL 525 51 77 AT T Mt Jk il i
(77 R LA, TR R S TN 26 UM ST S0, S0 RCR B T oAt
GELAR ST . 2D, S FRIVRRE % ST R AT HEAT RIS, 45
WA T, BRI ZEIE I BERT BUREAT I VKT At I8 0 h
IPHTET, S G AR A L, BT AR S T ORI AR T o S TR
R SIH, Jo LR BERT MU, 7EAbHI A Z6 105 35 R HHAT 20, AEOs Lot
o A RO

(3) ARFFAILH 1 BER-EW XUBIE TS BB L5 & TIPSO 1 UE B 5
W RAAE L, LR T A KUK T A USROG (0 S, OB B T
BERT-BiGRU B T g (.3 . 75 A iR 7 PR A (AIE B T 78 15 1 43 47 AU
DR B, A D R A LR T R R T, LIRS
R, TR 55 5 B (A5
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5.2 Bl

o TUK T KA AR LR R HEAT T SCA 2, ] LDA U AT 3 A
ST, ARIE A HT 045 ARt DL R LR FHK S Kt ST 338 4 1 IR L

(1) 4T o W 6 U 5 A 5 UK 25 S5 LR 462 5 051 1) SR
AT LA HE 3 8 AL (VKB B0, B AN ) B KB PR X, I i i 5
SO, EORSNSE, AT AT LA E S UK SO0, kB L DR B B
FEMEETE, WS, GBI TR RIS W o

(2) b 580X TS A 9 72 B3 10 R, 5 X T B B P S AR 25 5
LIRSS HEAT 40 B8, MR e 2 R I ik s AR e 20 R AR S A 2%, 105
ARSI T TSRS NS, RS L%, AR R AB R, 4
HUEORE 6t 55 X RO S R, IR S X T U 77, BT T

(3) BFOHEX S BRIORS R, SUKE KRB R S,
FE MO ST 2 7 TR, SR AT 00 T AR A5 BE AR5 /KT o AT LU I L
T, 5 RGBSR L] . AR T FR A
FIFHE . HESr % P R S B

(4) 12 HEBN IR A )R, Dk okt 57T DR R A B, s
WE R X P I 2 R 22 A, S R R e R A L s S AT LA R
REHEBA R YT, 7 5L 9 A BA R GBI AR HEDA B, FEARAR 72 1 75 SR A M
B, R B B
5.3 FEERE

(1) ASCHPSUR R F TR AR, 200 L= Mikier & b i o
i, SRAEMIVFRBER A0S AT, % TR Kt T PE L TS ST — R R -
T AT T ARVKES K SRR I, 7T BASE HE M LA & sl 3K
L (PR, AR A R T B D B e B, U I
JBRIPAE, FRAE LRI MR IR fi BE RN T 2 X UK
IV, A BT AT 43 AT R AR 2 S A

(2) ASCRFIKE At FAE LV 18 (5 R AR 25 4T S0 R4 BT, o
VERZEVE, TTBEAEAE DB VP PO BRIP40 BT 22 5 T DAE AT 15 Ik 23 A
N, AT B2 (T P A R . FE RSN IT A, T D AL 0 ok
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