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EDS 05 0.1613 CHA 05 0.2671 EMO 05 0.7185 DOC 05 0. 8391 SCE 05 0.7923
EDS 06 0.0045 CHA 06 0. 7985 EMO 06 0.0757 DOC 06 0.1711 SCE 06 0. 7383
EDS 07 0.0003 CHA 07 0.3964 EMO 07 0.3110 DOC 07 0. 8462 SCE 07 0.7472
EDS 08 0.7986 CHA 08 0.7332 EMO 08 0.7531 DOC 08 0.8623 SCE 08 0. 8509
EDS 09 0.8093 CHA 09 0.8624 EMO 09 0. 7989 DOC 09 0. 8264 SCE 09 0. 8854
EDS 10 0.7944 CHA 10 0. 7194 EMO 10 0. 7575 DOC 10 0.0184 SCE 10 0. 8004

(HEE LR Z O+ H MO EE 435 ) BERT-RL-2(4f 13 #45 5%) .BERT-RL-3 (4 4 #%
BRI B ARG R, [H2H A gE ) . BERT-RL-4(%f 8 #2045 %) .BERT-RL-5 (% 12
4, AT H AR, Ay 4 8 BERT-RL-1 (55 14 $8 4% BEEH) N BERT-RL A #5245 8 gE 47 5 G2 5256

&3 BERT Ml Z&&RBE -RIEEF I THEREHLR

HRE F & HiEE F, & HiREE F & E F & HiRE F &
EDS 01 0.6376 CHA 01 0. 5819 EMO 01 0.5781 DOC 01 0.5918 SCE 01 0.0532
EDS 02 0.0288 CHA 02 0.6171 EMO 02 0.5995 DOC 02 0.1740 SCE 02 0.6210
EDS 03 0.4920 CHA 03 0.6611 EMO 03 0.3718 DOC 03 0.6230 SCE 03 0. 6284
EDS 04 0.0794 CHA 04 0.6221 EMO 04 0.6322 DOC 04 0. 6369 SCE 04 0.6200
EDS 05 0. 3801 CHA 05 0.0362 EMO 05 0.5767 DOC 05 0. 6097 SCE 05 0.6174
EDS 06 0.0002 CHA 06 0.6352 EMO 06 0. 2886 DOC 06 0. 0058 SCE 06 0.6243
EDS 07 — CHA 07 0.0596 EMO 07 0.3132 DOC 07 0. 5880 SCE 07 0.5594
EDS 08 0.6614 CHA 08 0. 5480 EMO 08 0.5962 DOC 08 0.6312 SCE 08 0. 6467
EDS 09 0.6609 CHA 09 0.6838 EMO 09 0.6353 DOC 09 0.5778 SCE 09 0.5902
EDS 10 0.6084 CHA 10 0. 6003 EMO 10 0.0468 DOC 10 0.0019 SCE 10 0.6044

T TR 3 LB AR AR 24 T UEDS 07 Bdli 427 EAh B %, 5ok h“EDS 07 #odl 47 i {1~

ThRI

Wt 4 PSRRI BIEE NG BHIEMKER YW EF IR 14 WE
A3 MR IR, 3 B0 B AE 9 BERT-RL-1 4% %0 - fdi F T R B0 T B A A R R A R 4R T o AR
T4 2 SCHERE 2 (DOO) Bl L b e . 22K FHE ISR Z R L T R B — S RO 1 £l Y
P 7E MRS 6 JCEHE R R R & o A 308 19 o0 5o B B, U S A A A B S I Gl 0 e R v A AR
R AR O BERT Tl Uil 25 A Y 2 (it 0 3= 5 19 TR P A B T AR T I R Bl A T 2 R
W SCRFAE DU S 2 B2 T RO AR . N 4 R R 7T =1 5 A ) BB K
B BERT I ZhAs AL 1) 3 o] 2008 5 84l AR I A
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]

—o— F 1
0.72 X
0.70 A
o
[z,
0. 68
0. 66 - ;na‘y.»l‘;ux =
T T
0 20 40
AR SR
4 BERT Ml &ER WIEEF S MR
% 4 BERT-RL & #EE AR {ERNEIESE
BRRS F, & U229 Y EHEE
BERT-RL-1 0.7166 14 CHA 09.EDS 08,DOC 06.DOC 02,EMO 06,SCE 08,EDS 03,.DOC 01,CHA 02, CHA 05,
SCE 10,EDS 10,SCE 01,DOC 05
BERT-RL-2 0.7066 13 CHA 09,EDS 08.DOC 06,DOC 02,EMO 06,SCE 08,EDS 03,DOC 01,CHA 02, CHA 05,
SCE 10,.EDS 10,SCE 01
BERT-RL-3 0.7065 4 CHA 09.EDS 08.,DOC 06.DOC 02
BERT-RIL-4 0.7064 8 CHA 09.EDS 08.,DOC 06,DOC 02,EMO 06,SCE 08,EDS 03,DOC 01
BERT-RL-5 0.7049 12 CHA 09.EDS 08.DOC 06 ,DOC 02,EMO 06,SCE 08.EDS 03,DOC 01,CHA 02, CHA 05,

SCE 10.EDS 10

TE < 38 0k 24 o] T 0 9 U1 R OB A5 A5 780 ok 8] i 4 L IR AR K DR A1 D SE e 9 U R L R S R K e 2 S “EDS 07 B4R 745 8: 1.1 il bl 4y

(U548 B 0T
4.4 FHF T W AEIEAR R

ABIESE LA E A5 1 19 $dl 28 Data ZK] #1708
bR LR, AR SR 5 Rk 5 iR, LR
SEUL R WL A H 2 2 0 TR bR 1 S5 T AR B 5T
Frik it CBMC B8 7E @il & BERT-RL-1 #81f5 ,
8 25 BT 200 SR 1 0 B A R ROR , BB AE A%
AR TCEAR AR AT 55 vh 35 B B 3l e

SRS R R, b T H AR (EVE) 1 ] 38
(TIM) e i RIFE X H A LR A L5
BERT Il 2545 8 5 ) 143 S0 AT 55 vl 4658 e o o 1)
Wr K B 04 IR 3 B, SR T A ST SR W R Y
BERT-RL-1 BBV e i 438 (EVE) Jo 84 R TE 55
B BE Lk B BERT-CBMC (9 F, 4% 7+ 11. 83
AN A3 5 7R ]2 CTIVD Je 80 R BT 45 L 5 3
AR BERT-CBMC #7111, 00 AN H 4005 . LAk,

TZASE A A At 28 AU ST EE 9 R b R B R A
PIF#EE S, BERT-RL-1-CBMC #E I 7E MRS 6 J©
Bz sk R LM F, (Hik 0. 8914, 8 KL 2 151 AU
BERT-CBMC ##F 5 A~ H 43 . BB SEUESS AL
B T 3t 2 > 7E S50 0E P A A A AR R i A s
PELE I UE T R 75 R 8 B i 2 7R AT Sk 4
14 385 o7 M
4.5 EAF T W LK EATIE L

J9iE] BERT-RL-1 Fil CBMC #5575 21 (0, 3C ik
G TCBAE bR I A R M, AT AE R 5 L
gE RN |, % BERT 4 BMC # %! . BERT + CB-
MC 7 FEF 12 o] (1) FE AR, 22380 X0 A A5 1
) Data HRL #1470 8088 09 B 24k b5 11 55 5, ST 4K
P br e ) S S5 A 1A 5 TR
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R 5 BIBEE Data ZKJ BT HIBARERRITM

THIERE aa

i)
TIM EVE ORG PER IDE L.OC P R F, &
w2C 0.1152 0. 0200 0.1824 0.6859 0.0482 0.2924 0.6760 0.2761 0. 3884
W2C+CNN 0.6712 0.2016 0.4247 0. 8028 0.4076 0.5661 0.8621 0.4413 0.5816
W2C+ BILSTM 0.4815 0.1789 0.5416 0.8295 0.4824 0.5080 0. 8604 0.4775 0.6125
W2C+ BiGRU 0.4864 0.2189 0.5714 0. 8366 0.5085 0.4688 0.8510 0.4951 0.6260
W2C+ CNN-BiGRU 0.6883 0.3051 0.5799 0. 8456 0.5119 0.5549 0. 8836 0.5176 0.6528
W2C+ CNN-BIGRU-CRF 0.7037 0.2918 0.6036 0. 8430 0.5618 0.5831 0.7663 0.5741 0.6564
BERT 0. 8564 0. 6680 0.7934 0.9256 0.7774 0. 8107 0.9139 0. 7580 0. 8285
BERT-CNN 0.8719 0. 6090 0.7762 0.9089 0.7994 0.7304 0.8925 0.7363 0. 8067
BERT-BIiLSTM 0. 8821 0.6513 0.7974 0.9181 0. 8125 0.8281 0.8910 0. 7804 0. 8320
BERT-BMC 0.9129 0.6461 0. 7960 0.9277 0. 8258 0. 8294 0.9013 0.7823 0. 8375
BERT-BIiGRU 0.8512 0.6212 0. 8068 0.9282 0.8136 0. 8463 0.8942 0.7837 0.8352
BERT-CNN-BiGRU 0. 8564 0. 6644 0.7796 0.9293 0.8225 0. 8355 0.9221 0.7665 0.8370
BERT-CNN-BIGRU-CRF 0.8621 0.6648 0.7954 0.9277 0. 8339 0.8212 0.9036 0.7843 0. 8396
BERT-CBMC 0. 8270 0.6745 0.8123 0.9303 0.8167 0. 8188 0.9095 0. 7830 0.8414
BERT-RL-1-CBMC 0.9370 0.7928 0.8674 0.9413 0. 8750 0. 8681 0.9622 0.8303 0.8914
BERT-RL-2-CBMC 0.9589 0.7919 0. 8658 0.9402 0.8720 0. 8567 0.9603 0.8272 0. 8888
BERT-RIL.-3-CBMC 0.9351 0.8010 0. 8655 0.9346 0. 8698 0. 8596 0.9614 0.8235 0. 8871
BERT-RL-4-CBMC 0.9212 0. 7690 0. 8551 0.9372 0. 8544 0. 8490 0.9588 0. 8108 0. 8786
BERT-RL-5-CBMC 0. 8505 0.7551 0. 8444 0.9296 0.8383 0. 8296 0.9373 0.8021 0. 8644

@ BEXT-HL-1 }CBC e BERT-RL-1+CHNC
B —o— BERT/CRC

- BXIB

PR on PR

(a) BERT-BMC (b) BERT+CBMC
TIM e o Emmok ne e

~&— BERT-RL-1+CBMC

—e— BERT-BVC ra—— A

—A— BERT+CBNC >

—v— BERT-RL-2+CBYC y

—&— BERT-RL-3+CBVC s

—¢— BERT-RL-4+CBNC [ PR [ L L

—— BERT-RL-5+CBMC ™ /> - m
IDE EVE

(c) BERT-RL-2+CBMC (d) BERT-RL-3+CBMC

—o— X145
o XL+

o~ BERT-HL-1+CONC

PER ORG

o

(e) BERT-RL-4+CBMC (f) BERT-RL-5+CBMC

B 5 &#HBFE Data HRL TR B L 4RiE F, EXTLEE
& 5 Zo i s 8 A] LL & B, BERT-RL-5+CBMC  BERT-RL-5+CBMC BRI R AT L & B, dn & 5-
HILEAPERESAL . Fy {H R 0. 9002, BEH Sy 1 #f My 5K (a) FIE 5-(b) fir 7~ , 3G 5 2 > 0 00 5 s e A Ak 4
PR LT 8 SCRR e AR i . D5 A B AN [R] B Y T V1] A 8 7 Kb 2T 2 SCHk s %) o B L AR 4 2
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(ORG) . F A (EVE) il & iy (IDE) 26 % S 44l /9 b
TERCR AT 248 T PR 2 3 ok 3 o 2% )
P JE B T I A5 R 4R T T Ok 2 SOk 9 ek 2H 4
(ORG) . FH 4 (EVE) #l &y (IDE) 28 o % 8% il i A&

]

B AR, 1932 FAELH ERIBFELALSER K, 1
“ATREESDE”, 25 CibEFe T LI
YR A BERT FlJE T 3 & 2% > 19 il I 25 A5 AU
BERT-RL-1 PR ERCR X R UL 6.

A ERE T . Flan“1930 Rk m A EE T A
o6 FARBEBHIRELRIILE
J53C 1 9 3 0 4 B ik i I
BERT B-TIM I-TIM I-TIM I-TIM E-TIM B-PER I-PER E-PER 0
BERT-RL-1 B-TIM - TIM - TIM - TIM E-TIM B-PER I-PER E-PER 0
J5L 3 H ¥ | 5 T A iz 3 45
BERT 0 B-LOC -LOC E-LOC B-EVE -EVE I-EVE E-EVE B-IDE
BERT-RL-1 0 B-IDE -IDE I-IDE I-IDE I-IDE -IDE -IDE I-IDE
Ji 3 Hll . 1 9 3 2 iE 1% bR
BERT E-IDE B-TIM I-TIM I-TIM -TIM E-TIM 0 B-ORG
BERT-RL-1 E-IDE B-TIM I-TIM I-TIM - TIM E-TIM 0 B-IDE
J5 3L [ () 1A T 1% & & % B
BERT -ORG I-ORG I-ORG -ORG -ORG -ORG E-ORG B-IDE I-IDE
BERT-RL-1 -IDE I-IDE I-IDE -IDE -IDE I-IDE I-IDE I-IDE I-IDE
59'8 K ; it H I K K &
BERT E-IDE 0 0 0 0 0 0
BERT-RL-1 E-IDE 0 0 0 0 0 0
JE 3 /N K ” ; 4 g N h e
BERT 0 0 0 0 0 0 0
BERT-RL-1 0 0 0 0 0 0 0
J5i3C T i T 1 i
BERT B-EVE E-EVE 0 0 0
BERT-RL-1 0 0 0 0 0

Bl ke I TkB Bt ARG A A BRI M. B AT TLIR AR HIRRAL, 2016,

H 2R 6 AR LS A 0L AR HE VTP B T
RASZAK”CAR, IR BERT Il 45 45
AU R MR ) 43 VL P 48 HR TR B 25 CORG) #l
Z: 5L (IDE) PG A 1) 1, 17 52 B W A T Sk 71786 48 1)
THAESZRKADE) ., {H8CERN I, &b &
222 Ak i) BERT-RL FUill 2585 5 68 65 o 352 51 0t
RN V)53 1 B A SR B2 T T RS R R R AR
TEi#E— 0% BERT Il 25584 f1 BERT-RL & 41| il
YR b 3 25 B v A7 A 22 S5 10 ) 4 vh o0 B I
I, 25 FEREAS YA AE b % 1)+ JT B Y 25 4 R AR

Can AT Cfik A 37 + B 43 28 (IDED JTE 408 7 1y (it
&) + B 5y 25 (IDE) e 04 7 S5 8520 . 76 J5 gL it
FE R, T SR A T o SRk 40 3 ik % ) R L E— 25
P& FH L1 8, SCHR % ST B bR TSR .

Sy ik — 2 4F B] BERT-RL-1 il CBMC #% % 7¢
218 SCHER U A B A AR T Iz A RE T A B A
R R R AR T B B s £ Data HLF I Data SJC
HEAT 0 BUHE AR 1 S0, T B AR T A R SR 7
FR .
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%7 #U4E%E Data HLF 1 Data SJC B TEIEFR TR TMH
Data HLF Data SJC
A
P R F, & P R F, &
BERT-BMC! 0.8643 0. 8864 0.8752 0.9172 0.7779 0.8418
BERT-CBMC 0. 9004 0. 8938 0. 8971 0.9180 0. 7867 0.8473
BERT-RL-1-CBMC 0.9711 0.9184 0. 9440 0.9763 0. 8327 0. 8988
BERT-RL-2-CBMC 0. 9696 0.9195 0. 9439 0.9789 0. 8304 0. 8985
BERT-RL-3-CBMC 0. 9685 0.9187 0. 9429 0.9740 0.8241 0. 8928
BERT-RL-4-CBMC 0. 9694 0.9117 0. 9397 0. 9586 0.8185 0. 8830
BERT-RL-5-CBMC 0.9715 0. 9065 0.9379 0. 9469 0. 7885 0. 8604

Sy 4% L] BERT-RL-1 il CBMC 45 %1 75 H;
2T €5 SR ) 7T B B 1 S 5 4 R A O [ R
o A B i 5l M. B, A WS 3E B BERT-
RL-1 A BIAE g BERT-RL 5B 1) 2 55 4k 7 s 1,

41 &, AR TR VR AR R Y Bk 3R
gk — A E ] BERT-RL Al CBMC #4554 fit) 4E J@&
PE L ABF ISR Data SJC B9 SR E T R PE40 10

4.6

ZLAA SCHR T B AR T TH RS2 06 . 456 Ai SCHY S8 30 45
AW R BERT il 245 B fl BERT-RL i
YIRS A 55 5 VR BE o > A5 AL HE A7 7H i 55 56, Je 45040
PREEMSEIRSE RN ZE 8 fian, L4 BRI, MK
T BERT Wil 4 #5i#, BERT-RL T iIl 4 45 %) B Ay
PERARIESR 2 dREFIHES i

R 8 HUIEL Data SIC I TTHIFEAR T HABR LI

BERT BERT-RL
R
P R F, & P R F, &
5 0. 8849 0.6851 0.7723 0.8937 0.7747 0. 8286
+CNN 0. 9004 0. 6790 0.7742 0. 9656 0. 7606 0. 8509
+BiLSTM 0.7614 0. 5245 0.6211 0.9532 0.7871 0. 8622
+BMCHH 0.9172 0.7779 0.8418 0. 9580 0. 8267 0. 8873
+BiGRU 0.9154 0.7742 0. 8389 0. 9650 0. 7883 0. 8677
+CNN-BiGRU 0.9272 0.7666 0. 8393 0.9688 0.8146 0. 8850
+CNN-BiGRU-CRF 0.9215 0. 7804 0.8451 0.9798 0. 8250 0.8958
+CBMC 0.9180 0.7867 0.8473 0.9763 0.8327 0. 8988

4.7

A F BERT-RL-CBMC 5“6 38 2L A 4h 1232

AR it

AAWEFE N BERT-RL-CBMC 8% 21 ¢, 3 ik
HEFT KRB AR I A8 1 W AE S 2 e i A R

e, HARM s i PR TR LIAD 6.

“F L B Z A5 3V R P R 3 95637 S A
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A AE SRR M 32 /N A (5 SEHR- A (EVE) » it W L Xt
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iﬁgﬁﬁﬁwm)\ﬁmu‘ AR A (SCE) JEHER-HE (LOC) & 605824
s JEHAE- Y (PER) : JMEHy JEHUHE- 5 (IDE) : 646004
FARER'S V-5 A ECHRPRESE ORED WL LB ERE
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K9 “MHREZAGEICIEREE"LHE
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mE  HE(1)

TR R

3 ik S IR

PER 95637 RyEE ORI EWIE R A L1895 4 10 A 11 H HATERE B L £ MR T KA 2k
RER AL R FAEE ITRETR s 2 5, ik & B L5

CRHAE & 2L LA A RTT s {5 )

(Epiis

LOC 60582 w)e TERAES T, — L — LR FRF, RO XA T8 — s P (SIS HERIEE)
—H it

ORG 83066 SN GG R TN A AT, 25 3P0 [ R P B0 R TSR AR AT 0 CRIAE B ZL A A F PhIEAG A% )
— M TAE % AT
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IDE 64600 FAite 6 % B, 4 Bl R R A DT AR A U 0 AL 2

(AR & 2L LA AT G b A2 )

B R U DRI SR /Y 55 FRAL (4 SRR

87

< oA &=y WM G207

XKD



=W G§20¢

s

X RN

#£F BERT-RL ¥y 21 & Lok TR EAREFF K/ R MW ATH . HFE,.DEHN . £ B E

Research on Metadata Annotation of Red Literature Based on BERT-RL/WU Shuai, HE Lin, YANG Xiuzhang,SUN Shaodan,GUI Sisi

]

5 #iE

ARG A TR A E AR T B 40 €8 SC R BHE I Rl
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0 SR SC A R AE 19 BERT-RL Fi I 25 855 50, 3 61 %f
BERT-RL T iJIl 2545 A4 e = X 21 30k B~ SCiE X
{5 B2 ST i Ta) B, 48 8 CBMIC (bR TR, ST 2%
SR AT B Y Rl A& BERT-RL A1 CBMC (1)
2168, SCHR TC B0 b 455 780 BERG o b 4l R o B 4 i)
I FURRAE BT 1) B e 0 ME A M A AR T AR R
AR BNARCR  HeAh 38 3 %k At 21 £, SC R B AT B R
TR, DA B % AR Y ) 3 filoxk b3 5. A R0E BY
BERT-RL i)l #5458 24 B A B4 0972 A0 e ) &
PE AR LT 6 SR T B AR TE T ST B K R . I, 8
i 38 2 7 RO ) BERT-RL HI 2R L7 Sy
S AE T B BRI IR BT ROE T R R N 4 R A
T ) B SR, T A0 KT AR R A B A e AR
AREIHES™ . TEAR R B BETE b, AW 58 4 2 09 b 13 4
NG Ak 2 107 FH T 20 68 SCHR R TR e 1 gt v, R TR A
PN RO R 21 5 SCHER IR 5 R IE 5 BN iR 2
B AR B il G 1) R, T A b A DR KO R B AE
2145 SCHR AR IR 55 v ity AT S ) R

5% ik

1 S BREE55LY . A I s SOk B S R SR S BT ).
] ] A 4 2 41, 2023,49(4) - 34— 41,

2 ELARIE. BTN SCOY AR R 2 ) s NSO A I B O
R E) 5 B SRR SRR L)/ OL . v I 1B B A 2 4, 1 — 24
[2024 — 10 — 16 ]. http://kns. cnki. net/kems/detail/11. 2746.
(G2.20240506. 1825. 002, html.

3 Db BRR S RH oy SCHk G R SRR R P i Sk
BT b E B AR 24, 2022,48(4) . 79— 89.

4 FREJE. E BB, B, S KR R GO BR 09 B 5 Lk ik
[ R HLT R 5 8, 2024,60(17) 1 17— 33,

5 Yosinski J, Clune J, Bengio Y, et al. How transferable are fea-
tures in deep neural networks? [J]. Advances in Neural Infor-
mation Processing Systems,2014(27) . 3320—3328.

6 XU B ARIA AR EE . 06 SO AE R 19 41 €4 SR IR 45 T
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Research on Metadata Annotation of Red Literature Based on BERT-RL

WU Shuai HE Lin YANG Xiuzhang SUN Shaodan GUI Sisi

Abstract: Red Literature is generally characterized by its large volume, dispersion, and complexity and variety of
types, making it more difficult to achieve efficient application of large language models based on zero-based training.
How to use a small amount of annotated data to fine-tune a large language model for accurate, efficient and scalable
Automated Labeling of metadata in the Red Literature domain is one of the key problems that need to be solved
nowadays. The aim of this study is to explore an efficient fine-tuning strategy for large language models to enhance the
model’s adaptability, contextual comprehension and annotation accuracy in the domain of semantically rich but
resource-scarce texts. Methodologically, the study designed a large language model fine-tuning method based on
Incremental Learning and combined it with deep learning techniques to achieve Automated Labeling of Red Literature
Metadata Representation System. Firstly, according to the content characteristics of Red Literature, it was categorized
into five types of textual datasets: event narratives, character evaluations, emotional expressions, literature excerpts
and scene descriptions. Second, an Incremental Learning strategy was used to train the BERT pre-training model in
multiple rounds of iterations, and the parameter combinations with the best results are screened and inherited to the
BERT-RL model. Finally, based on BERT-RL, this study proposed a composite annotation model, BERT-RL-CBMC,
which incorporated Convolutional Neural Network (CNN), Bi-directional Gated Recurrent Unit (BiIGRU), and Multi-
Head Attention(MHA) with Conditional Random Field (CRF), and was designed to capture the short-range lexical
features and long-range semantic dependencies in Red Literature sequence texts. By conducting multi-group
comparative experiments in Red Literature, it is shown that the BERT-RI-CBMC model significantly outperforms the
traditional baseline model in boundary identification of complex metadata categories such as Organization (ORG),
Event (EVE) and Identity (IDE), which enhances the model annotation accuracy; and exhibits excellent generalization
ability in transfer learning tasks, and the ablation experiments validate the complementary roles of the modules in the
architecture . This study validates the effectiveness of Incremental Learning strategies in domain adaptation of large
language models and provides a theoretical basis for the application of large language models in specific knowledge
scenarios. Future research will continue to apply the model to construct a Red Literature knowledge base, solve the
problem of deep integration of domain knowledge and model parameterized knowledge, and improve the reliability of
Red Literature knowledge services.

Keywords: Incremental Learning; Red Literature; Metadata Representation System; Automated Labeling;
BERT-RL
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