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Continual Attention Modeling for Successive Sentiment Analysis in Low-resource Scenarios

ZHANG Han, WANG Jing-Jing, LUO Jia-Min, ZHOU Guo-Dong
(School of Computer Science and Technology, Soochow University, Suzhou 215006, China)

Abstract: Currently, sentiment analysis research is generally based on big data-driven models, which heavily rely on expensive annotation
and computational costs. Therefore, research on sentiment analysis in low-resource scenarios is particularly urgent. However, existing
research on sentiment analysis in low-resource scenarios mainly focuses on a single task, making it difficult for models to acquire external
task knowledge. Therefore, this study constructs successive sentiment analysis in low-resource scenarios, aiming to allow models to learn
multiple sentiment analysis tasks over time by continual learning methods. This can make full use of data from different tasks and learn
sentiment information from different tasks, thus alleviating the problem of insufficient training data for a single task. There are two core
problems with successive sentiment analysis in low-resource scenarios. One is preserving sentiment information for a single task, and the
other is fusing sentiment information between different tasks. To solve these two problems, this study proposes continual attention

modeling for successive sentiment analysis in low-resource scenarios. Sentiment masked Adapter (SMA) is first constructed, which is used
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to generate hard attention emotion masks for different tasks. This can preserve sentiment information for different tasks and mitigate
catastrophic forgetting. Secondly, dynamic sentiment attention (DSA) is proposed, which dynamically fuses features extracted by different
Adapters based on the current time step and task similarity. This can fuse sentiment information between different tasks. Experimental
results on multiple datasets show that the proposed approach significantly outperforms the state-of-the-art benchmark approaches.
Additionally, experimental analysis indicates that the proposed approach has the best sentiment information retention ability and sentiment
information fusion ability compared to other benchmark approaches while maintaining high operational efficiency.

Key words: sentiment analysis; low-resource scenario; continual learning; Adapter; attention mechanism
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FEoR. A % A TAE 55 5 R — A>3 253k (CLS head), SMA FI TR 8 SAME S (015 M5 B, DSA I TR & 1155
T (1% S5 B A SCR ] BERTU W AL RIAE S, (@3 46 4.2 H I Seie P al, H4& 2% CAM #iA 4 )2 Transformer
layer N, IX 4 JZHI ID 405128 04 5. 7. 11, XEERER LAFAE CAM 76K [ 2 (A R 43 Aa e 3550, SUAT LK IR #E
AL P U SR HE B A0 28 X AR [R) A1 A T AT 55 A — A X L) 43253k (CLS head), FARAEAT 55 ID YN ZR5%E R 19
3383k, AN, YIZEBY BUXUMOE CAM. layer norm Fll CLS head (255, VR 45 MR (1 HoAh 240 CAM 32 1% 84
fih Adapter (SMA) FIBhA 1 BGE R 11 (DSA) 415k, FIE#E CAM Al DSA KIS LA 4.

g

(CLS headt) - (CLS headN)

Transformer layer il »
/ y e ot
/

N
M
Dynamic sentiment
attention (DSA)

\
1
1
1
1
1
1
1
|
1

i a a :
}
1

1

1

1

1

I

1

i

4

Feed-forward
layer
Multi-headed 2xFeed-forward A
K attention layer oS

| l

Sentiment masked
Adapter (SMA)

[pmmm e e e e e e e

V4

&Z
/
/
/
4

2 ASCfHH Y Transformer layer Al CAM #4454

B4, SMA NEAMESS ) H#— A Adapter, S EREH BTSN RE S, RIS, 2115 ID 5 ¢ If, SMA
I 1 A Adapter. 241T55 ¢ IBEESIN SMA I, B8 2 & B ZRAb THIE ARG 128 ¢ A Adapter, JF BATS ¢
AR 2RI ¢ — 1 DL Adapter. IXFEM—J7 T AT LLE— P UIZRAT ¢ — 1 A Adapter, 53— /T2
FIFHANIR] Adapter B2 (15 A5 5, SRS A H0E IARFAE, H TR 2115 (S Rt G RS « (2
PRI, 7 BT 7 — 1 AN SNSRI Adapter KA K MM, A0 H T RF B AT 55 IHERD HR ABLER (task-
specific mask embedding, TSME), F SR AL AT 55 XF B ) 1 R HE RS . TSME 23 A= il T I 25 ) 475 Ik HE ARG, X W DA 25
Adapter I8 #H 2 7T, TR Adapter T2 (B SIS L, T G2 Ak 9 1 10 05[] R

UK, ARSCFIFH DSA BEATAS LS (8] 1175 185 A G. DSA SARYE 2480 I (8]0 AT S AHBUE Bh A& f A SMA
TN Adapter SZEXIIBIEARE, LLALG AR Adapter BTy (15 A5 R, AR5 (R 15 BE B AL S 12 S AR5 1Rl A
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BEE B S AR, hn, 244E5% ID 9 ¢ B, DSA 223455 ¢ MES N BARFHELE R Query, 28G4T ¢ 4~ Adapter $2
A5 20 AR REEE N Key F1 Value, i id )25 15 80 584715 8 BRE.

ARATHE 2.1 WUHMT SR S 5 T I B I 55 X 58 2.2 T E4EN- 28 SMA (251 A1 TSME 4 A&
TH RIS I AR, 26 2.3 FTA 48 DSA 45H . WIiR 7 ARG IBE B R A 2. 28 2.4 AR EH 0T ISR B i
(A AOERENTEAE
2.1 EEERSMESENX

AT SR 20, W 7SS TS, ST, AR 2% 5] — R
MTAESS. L IR TS AR 55 S BE AT LUR ) 1 R % 7328, T LU IR YR I 4335, O T RES 18T B 30
RIS UE CAM HIRBUR, AR SCAE F AN TR 4508 3 A1 P ) T 2 158 3% — 40 AT 55 SR A SR 1 175 IR AT AT AT 55 IRRAT 55 ¢ 1
P8 AR N\ N “Excellent book, the way it is written and what you get out of the book. Would recommend this
book highly”. & et iZ )47 /i, B ord J A Fidh I = (w',...,wi, ), o N oo R i E S H . B0 Bert-
Tokenizer $EHUA] T I RAEVE NETIHIN, 10N X = {x o, %, ., x4, X} - SRJE R XM BertModel , ¥ BertModel
B HAE A H = (B B, G ) - I T AR SRS T O 5 28, B LARAT ST hly o MR N RIFAR SO
RAE. ¥ nl, NS ¢ 153983k, 185 2 2 1ML (multi-layer perceptron, MLP) F1 Softmax B 453 BTN 45 2R, 1
N O . JFIEIT argmax AR BITUARSE P

X' = BertTokenizer (I') (D

H' = BertModel (X") 2

O¢.s = Softmax(Wyy p - hiy s + b p) (3)
P' = argmax (O ) 4)

e, ¢ 91E55 1D, BertModel f3% BERT-base-uncased 88, Wi, o, bt . 73RS 1 5398 MLP (AU A &,
PR RERIARAS, B P e {0,1).
2.2 ATREBERE S ERIED Adapter (SMA)

SMA T Sei8 i R 58 A1 55 B FERD R AR (TSME) AF A SRS BR N, R 5 6 17 B0 R N a0 N 1] 28 B0 R
KR B IR, B K 1 RS 5 Adapter BRBUIR SR AEIE A AR, A T il DI A SRR AR, A SCHE I HATSY
MIBLE, K5 IR RS 15 B Dy I T i, RV AL Hh R — AL oK/ N 0 B L. PR AR I R AT,

TR A TS ID N ¢, BEi SMA H3EH ¢ 4> Adapter, Wi 3 fizn. Hrb Task ID B [8]25 2 81 6 hi, TSME
P T R S B, 554 Adapter #8H F4E )2 (FF Down) F17H4E /2 (FF Up), k44 Adapter #5467/ o [a]
RAE. K ¢ A Adapter BN IEIRAEIC N B, MR, Jorb BAR ¢ RORHHIESS ID 4 ¢, Fhe ¢ Rox A0
Adapter J SMA H )5 ¢ > Adapter. W b, FIRAES5 ¢ BIEHRIIAE ¢ 4> Adapter 1325 1 AL TSME FEHLEE
BUAE B AR Adapter BT LD IR, BT Adapter B A RAEG BN, BRI E BN BB A AN, 4351018
RE ={el,....el eV FNIE> = {e2,...,e2 |, e} . Hoht BV RIRXT BidF/> Adapter 28 1 RAEMI T BHERG RN, E? RIRXT
RiEEAS Adapter 28 2 RAERIEIEHEIS RN, BAAT S, of RN TH 1 A Adapter 2 1 RAERIHEHILIRN,
IR N T2 ¢ A Adapter 5 2 RAE 15 BAERD HR .

BT Adapter FFARIERIZFLFAHIE], NHIEELAES ¢ 4> Adapter (55 1 RAEAH, 152630 TSME Wi 4= i
X AL AR, 285 U I AR 2 AT A TIZ S0, B O S « > Adapter 155 1 AL A, A TSME FAL
AR IRAERD RN o) . B 50N o) S FIRKREES L s, SR EHN T HEB0E R A, 15 B0 B R IE AT, 108 m! . TEA
UCSES R, BATVEFT A S0 s 1) Sigmoid PREWENT MG SR AL BAERE m) 5 b, ARiAEsRe, FHSEERACN Inpu,, -

m! =o-(s-e,1) 5)

Input,,, = hfm ®m! 6)
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Hrh, o KR Sigmoid AL, s NERFTFTIZRZHL, e 79 TSME BEHLAE B BB RSIRN, © o A & Rl % s
FHRE, Input,,,, N t A Adapter H' FF Up HI%IA.

h a ‘ | a, o
A N
(

w[O0) a E [Query] [ Key ] [Value]

i [ FF Down I
Concatenate
\ DSA

K3 SMA HEELRI DSA itk

K m) 5 n, AEALAIIRAN A2 PG R (10 /N 3R A A 22 Tt 24 WA 55 ) EE R B, AT Pty 2 22 (1 1 JaK
F R RS SIHTE S5 I, B 2 I R A B bt 2, e s DA I S B BT, B4 BTESS ID
1, m} SN2 TT S AR KN 1, RTZAR T B T A AU S 2. R A 4 1A 55 1O i e %
FEFR, 2N 02 BoAT v (MU 170 76 S AR R B, AR 1 —m) 3 AR, BERZ a4 oo MBR B 2 4B 0N
0, F LARR izt 22 7o (1 2 B8, AT AR 22 IS AR 2. SMA RIRIMESS ¢ P IS ARG A2 24055 « 4> Adapter
FEARSS tH1 L ABRZ, B 1E B RS HO0R A KR B S, AT DR B L0 27 ) B 1 15 .

N T RAERR BE IR AL 3, AN —ANBOR R E S H s 1845 Sigmoid MBS A TN IR BREL, 500 AT Z
HIAESS I ZRET BT B s BB AE. FERME SRR BOTAAI, WA 9 BIES5 1 s O 1, BRI S T
T ARSI T 0.5, RN IZTTHZ RIS RN, BA AR MBEAT, s I35 A (8) B K, 25 2
5 RN, 2 R OB Ry — Al Db B iR o0 A, BRI 22 0 RO TS m) LT 0 801 BATRBCARTESS 10 s MEA 1
Sman. LNV B KABL ST S FEDNRET B, 2B PSR 1 s TF TR RS KL

g‘;l.(/p = (1 _m:)gﬂw,’ (7)

1 \b-1 1
=N\ Smax—— |5+ 8
’ (s m)B—1 o ®)

FEEER BB R In A~ 3 (7) PR, Herb g, o85S 14> Adapter W FF Up HYJEAGFEIE, m! Juxd % 1 4> Adapter
B | RAEMIRIER, ¢ AEMURMREHE. s R AR 8) FoR, Jh b RS HKIF 5, B
F7n— Epoch ® & ALK, FEAMES NI BOTURR, s RN 1, spo AZETESS IIZRB BAF 21 5
(R RAE, T BER AR RO R E S H s . s T RLH SR I 2% (R R e PR AT AT BB 1, 2 s i T 1 I, BLINZ R
Bt i T 1 Sigmoid BREL, P4 AT BEVE SR 3. BEE I GRIHEAT, s B8 K, Z R S % A8 Dy BR R 4. 1t
IS [0 2% Ry R BRI e, (EL R AR M . FE S AR SR I B, I S A RD L e TR B, e e M SR
AR,

ZHCs 51N TT LASE I TR O B SR B, (58 T4 B0 RE A% 4. (E R 2 S SR O 175 TR R R A B BEAR /S, T
V22 ) AR KB BE SRR FE . A T AR X A 18], #EREAS Epoch OB BE SEHTHT, A SC2 R HERD RN R BE EAT #b
2. DL ¢ > Adapter (135 1 RAEAWI, B EEAMETH B FR WA X (9) e
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. Smax|cosh(s-e} +1)]
8a = s[cosh(e!)+1]
o, gl FOREIXER ¢ > Adapter 55 1 ZRALAITHBIERS RN FKIAMERLE, cosh FIRXUH AL PR %L, coshx =
e! FIRE 1 > Adapter 55 1 RAEMIHIBARADIRN, s A s J9FE 1 R 235 1L 1 1 4L
23 ATREERERENEIEREET (DSA)

RSP T A4 E B, i v EE = 180 R X 5 B BB, M5 18T Softmax iR EUN &
—HB I BB AT A — A, S JE I BRI B 7 B 456 o TR UK IR AT AL B 5 51 SO,
R AE NLP Ak ) 12 .

2% AdapterFusion[lg]El@E K, AR A G NVER AU T 85 A [F Adapter % 2115 85 B SR {ERFS:
Y RT, ARMES B 2 b i (B FR ek R 1. R TE V1 H AdapterFusion FIRE I B 5 1%, BRI JG sl
SRUFREME S 1 Adapter, 2R B I 45— 2 B0 Fusion Z3HT LG RIUL, ACHR B 3hAH BYER /7 (DSA),
DSA 43— 4LER NI SH W, « Wi« Wi, IRIEIS RS AR AME 55 [0 AU AT Bl A8 Rk, 5 2 AR S5 AR U
B E IR S5 1K) Adapter AT ERER N IG BUE B 7ERL G i 72 Hh BAT 3E R I .

N T ORE Adapter 3R] M BEARFOR, ASCH et W E Dy 0, 75205 0.01 (RN, BERLA R wi, A1 w285
IR Pfeiffer 2 N\ &, ACH wi, 06 A EUEVIIA N 1, HAR O B AR IEIE R 0, J5 %K 1E-6 (4 1k
MUAE R B2 RLAE. oAk, AR SCEERI IR A I FR A Xd w A A L2 a8, H 2 ORIFAE R IR A0 AR 5, 8 o 5] NSk
SRS

WKl 3 Fiw, RAES ID N ¢ B 50k CAM AR R 1 12N Query. SR 5K 1t RIFNTHI T ¢ 1> Adapter, 15
BEAFMIRR d,....d_,a . HEK,...d_,a PHERRERA . FERE SRS, RATEHZEA 1ER Key M
Value. DSA 3@ = Sl A [F) Adapter #iH 12 7R, 7] DURI AN R Adapter FI1E B85 Bk AR T 55 B
TIATPHER B A" R BEE I AP E SR, AT E K, A A5 WEHMER 2B #E £, F i DSA 1) L
TERFER2E 2 Y AT B3NSRl G . Mo, VEE I R/N BT AN Adapter BT 2215 B 5 B AR LR, iIX i — DRI T
FE45 1B AR ARABLEE . TR A5 IR LR S I R o, 55 2 A S5 ARABLE v IR 2% B I F 22, S A 55 (1) 1 IS R S TE R
EEPUR L LR T SE= S Y VAN =X /N T PP

(C)]

X

e'+e”
2

Q' =Wyh' (10)
a, = Adapter; (") (11)
A' = Concatenate (d,,...,d,_,,a, (12)
K'=WiA' (13)
V=W, A (14)
¢, T
Score' = Softmax( v ) (15)
O' = Score' - V' (16)

e, oy CAM VTR N BUR R, Adapter; %71 SMA HIKH i A Adapter, Wiy, Wi, Wi, AR KT 252
H, n N Q WIRFAEAERE, Score' NA—ALJE HIHE R 17357, O )9 DSA HEHL 4.
24 SEXPELLIBRE AT ST AR E

TERRERSE S350, R 22 B N 18 25 75 S IR PR 55 R N AT I, DR A SCRR I 5 I b /N 24 i
I R 20 0f AT 55 (9 58 XU 2% LA, DA T ORAEAE 354 R5 AR R E, (7 DA ARRAE 55 B 2 0 ), A SIS
—AN LRI CE ISR B, BATIE 36 E S Kb 1R AR A 24, I ide FH A2 OB 3 K S5/ O S MU Dy B (AR
RIZH AERRI B, FATEE T i 0 S B B VR Al P RE. BRI, AL SE AT S5 ¢ IR, AT A «
AN 55 IR 0 B0 S R (Y 155 A S DR B ) MRS AR S R B (BBEBE R 2 A4 55 1D 9 o, MUK bR 2K
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AR 17) Fis:
L(0.Fm) == [Frlog(0)+(1-T})log(1 - 0]+ A, a7

Forp, L ROV ERESS ¢ BUR BB, N ONAESS « FOUIZREE TP B8 BT PRI SCA RIS H, 0F & UMES ¢ HITE
0 SCA i A S AR NS B, Yi MRS ¢ SR SOAR § R BB AR, e oM 5E AT 55 ¢ ISR G 73 51
Rt S B, 00 L1 ML 24

3 LWRESER

AT TR TIA T, ARSI TN 5 3.0 TEENALRINE, A EURENE. STRES L EME
5 R I PR 4B AR, 28 3.2 T E A ARG AT F A SR 7 v B 3.3 W BRI AT T CAM AR R ST

IR 3 AR AR ST A
3.1 WRE
3.1 RN

IR SCRTIR, & 8218 B BT AT 45 T DAL & R R I8 00 BT A1 45 28 84 (0 1) 7 1% 1B 43 R BUR P 4 1 IR
%)« KIAT i%ﬁﬁﬁ&ﬂ(ﬂ@ﬂzﬁ, T PN S A)F R R AT 55 1A LR ME SR 42 Amazon Review
Dataset"”"/fil Mtl-Dataset™, ¥ 7 U7 5 T B0 E L5 B M 25 B 4. 3% 7T LU RO PR B 5 B AN
Ji RS RS BOREE fe ARSI SR A Re 77, TIPS A LR B SR A B SR g i A2 T DA 4.

Amazon Reviews Dataset 5821056 T FH /7~ X 7 By b o4 sl BLAS [R) 7 ot T VPATY, /B0 2 00 3 25 T B 3db FH P e,
BRI B FE N 1996 4 5 H 2 2014 4E 7 A. i Mkl 4>~ 24 N4, 4 Pet Supplies. Office Products. Kindle Store
5. Mtl-Dataset /& H1 Liu 25 A\ PR H BRE 16 NSRS A SCA B, Hodh il 14 NS4 5 AR )
PR, HATBIAS N IMDB $dE4E U AT MR $#E4E “Y. IMDB A1 MR 8 SR O 48, SN EIRE S 24
), HARBGR o), % T Zooth or 5455

B, AR A LA SR R 3E 1T AR . Amazon Reviews Dataset [ F'¥F2 2085 A&7 & 1D, ¥F
PSCA ARV & BARTE 53R 5 ANEG (1-5), ASCHEAN 1. 2 FIPFR R U VR, B P 4. S
PR IET PRI, H4 M8 R B $REL 23 AN [ 9038 PR AN SCAS RO B ) 4 26 iR 1 AR 25 RN Automotive 4t
T ER A B AN AL, Bt LUK A5 B, {5 R R Ay 23 /N4 i) s

HR, NT AL BCL. CTR Mz 45 475 L, A Amazon Review Dataset &Il 43 A /N $di £
AR10 F AR13, JLH AR10 5 5 CTR 58 B E AR 9 10 ASSURATE P, AR13 WAL HERH 13 FiA[H
AT IR S PP ASSCAH A Mitl-Dataset S DRI 16 ANSUIIPAN SCA RS B (1) 15 25 A PEFRZE, 8RR A MD16.

F BB AT ST RA , RSN AR TR SR o T ISR AE B AT 55 48 25 AR10mini, AR13mini
A MD16mini, H4HE B W2 1 s, £iX 3 MEEE T, DEE R ITE SRS IG5 IiEEMNE.
A% Ke 25 NPIIRE, U IR TIRE B AR, BRI SR 82 A BN BOE SR 10 o Lok, I RR (36 B AE 5K
B A RE RO 49 N DA AR, Ak, ATV A TE N 2 FEA . B8 58 78 2 ) S e SE AT 4R e % ik — 0 3
AR 25 HEE, I BB i 4t S5 AN ) 525 (A 8 Rz A . BRI, AR ST I ZREEA L 2% 100 % IETHT PR A 100 2% 67t
Ve, T s B IR AR SRR 5 T 22 ST R ). B4R AR & A 250 45 IE VPR Al 250 4 Sivrie, AT
IS UF A5 R OR B 1 B DAL & 15 M5 B e

®1OPAEE 3 SRR A

ZH AR10mini AR13mini MD16mini
Task number 10 13 16

Train 200 200 200

Dev 500 500 500

Test 500 500 500
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312 HSHWE

AR T S Heam 2 e B, AR E T Re 7820 IR AR ST VR B Rk, A SO ) BERT
#i% fdi F Huggingface Transformers J% /7 [ BERT-base-uncased #% Z #3t 17 #) 4516 (https://huggingface.co/bert-
base-uncased), 44 F I KA N E BN 128, BEACE AL LR K0 SCAR . teabh, A S0H Adapter IBRK)Z
S PRI L PRI DD i N RN 4 B2 #8256, Dropout #4 0.5, L1 IEM R E N 0.5. AL Adam fRAIGER, ¥)
U85 SRR SE-5. BAME A HHT 55145 10 4 Epoch, YIZRK BT batch size B8 16, 3 3E A0 B £
batch size ¥ 5 32.
3.1.3 P HRAR

ARSCAE FIHER 2R (accuracy, Acc) Al Marco-F1 (MF1) A A BRI GE AOFR bx, 18 ¢ K056 210 o w R 5 i
Z IR 2 B B B EVE. Ak, A SOt — A 8 2 (forgetting rate, FR)™SICI6 IERE Y (1) 15 85 AR B BE /1, FR
S A A (18) s

1 N-1 . N
FR= ﬁZH Al Al (18)

Forh, NFRIRESS BB, AL RORERAEAESS | B RONGRR, FEAESS | BRI RO HERG 2, IR MR R AERR 2 (forward
accuracy). AY BRERIEAT S N Ese i gi)a, fEAE55 i B FIHER R, ILH R 822 2] e AT AT 55, AEFF4E
AT, AY R TE SRR AR, XA TR B AR RS, TR S SRR G — M S NS EHEAT A,
FTEL FR 5 RS N — 1 AMESS. FR FIEUETEFIE (-1, 1] Z 10, FR 8/ BIRERY (75 18845 5 OR B 0Bz,
2 FR 9 0 W RUPEIIA R A IS, 2 FR NN, RO A B, e BigR(E BRE, 3745 1l
RS e, BRI RERSF F IHAE45 11 RS B DU 45

32 BHERE

ARSCAE 3 MR TTIRE LS B AT s 42 LU CAM 5 HAh IR HET7 v, DA TITA CAM WA RCHE. FRA 1 1
WU R TT 0 9 3 KR, BRI k.

(1) 241554 2] J77% (multi-task learning approach, MTL)

AT 2 I E T 55 N SREDHE S — M UIGRER, SRR R A DHE S I SREEEAT I 2R, %7 R A B
YRR FF G ST R RE 5T SR 22 AT 4525 2] 7 v TG v B 5 008 O 3 s 75 T AR 5 4 R BT AT 55 I, 400 5 22
FHT BB SRR T T UI 45, X R = B BV GRS A RN B T RS Ak, AT 452 2] R B — EAR W T AR 55 18
P, SRT, A LR B A HRR, Tovk— B, B 2T 55 5 2 4% 2 52 2800 Ba AL 1] L R . 72 S,
FATPHE A RS KNI ZREE, 2R)5 0R ¥ BERT B,

(2) FEFFLE4 2] J77% (non-continual learning approach, NCL)

ARRREE2E 2] T AN LR A ROR B 0] R, B RN AT 55 (BRI SR Y. AR SO 3 P RUME S, Ak
MF PR,

® BERT: #%ME 55 17 FIAR RN 25, R4 24 AT 55 BOR 00R 24> BERT AR BUFIXG RLAT 55 (1 237 k. &5 E A
SHEmZ, AT EIERE B AR AN,

® BERT-Frozen: %45 BERT #MY, (XA 24 BT A 55 B0 o B AME 5565 B2 7 Sk 205 B0 S 8o b, A
B o KA RN TS, (H 3 283K ST BB A BR, 1B B IR,

® BERT-Adapter: %45 BERT #8, MR 45 24 fiAE 55 845 i Adapter AR AT 55 (170 Ik, 207 i 2 40
, PR SBE JIN TRI R TV 2 T

(3) #8224 2] 77V (continual learning approach, CL)

T RS BAE R, B B IO M s, FRE o) iR IE N U IR T, B0 R R AT S S0 A
SO AR T U B AR (8 D7 iR AN 2 A 1 B B I T VEE R AE T, IS T E T W R Oy T RIE AP, AR
J5 1 #B %l BERT-Adapter {E EERIHESE, BIYIIZRd #2 R 45 BERT #E8Y, (U140 43 25 3 A1 Adapter. %1% B-CL.
CTR X ZE7E Adapter F:fill B INHRAEHN T 1%, SEgah i 2042k, Adapter F1J7 72 P (R AR S ME B


https://huggingface.co/bert-base-uncased
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https://huggingface.co/bert-base-uncased
https://huggingface.co/bert-base-uncased
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o L2P%: L2 & — 7] 8 HL 40 i (1 356 T 10 D Ak R R 2 5] ik,

o EWC™: EWC & — R+ 347 10 IE MK 7 i, 1% 5 36 T DU HE R AR, B5IN T — NEAMO RIS 50 ¢
[ IE U 2%, Z AR R ARG A [ S 40 B B SR BT T 55 VI 3 B B B S R B S8R IR B S50, AT ik
G A ST 9 A B R

© DER++": DER++& —Fh Al B FR 4225 3] U773k, %7 VR 45 & 1 AR 2R 1E W4k, mT DA A PR A 25 0, 2
TR 32 A .

o HAT: HAT it RS A 3% S5 LR AT 25 BOAS [R) SRS ) S [ 350 20 3B AT 2, AT R M 25 20 IO B RS 11
ANTRIR 43, o) B 3 e D T DU O % 48 2 A B AT AR B P 2O, B R A LI s e .

o B-CL"™: B-CL i FH Ji 8 9 2% S EDURS FZRFAIE, {8 FF 2045 3% e AL ol i &5 S [ P SRR B R 45 4E. 41, B-CL fi%
YT HAT OBEYE B S HL], S AR [ 3 0 HEAT 55, SEBUR [FAE 55 18 A9 2 3068 5. B-CL 383 [ i Fh e ff 45 &
B E TGS, MR B 1B BME 8., SR ¢ MM 18 ) /.

o CTR: CTR 7£ B-CL FFERl 5 25 oLl 7 56 R B e ML, 8 R % AL Al — 77 T T LA 4 i
ARBME 25 RRAE, $2 TR I AR AR A AR, 53— D7 TR O T 3025 16 FH R 2 e BURE O IR HE 1) i) 8, LA RGP FA 9L
SR IARREE S R .

3.3 LIGER

FERFSE2E ST AT, RN [ AT 45 7 5 AR R Mk ey — s i U, DR, AR SCRE ML A A SO 4R (KR [RT 45 7 41,
TESER R, FATHEHUEL 3 AMT55 751, FHEUF &5 P E M AR L NS I 45 . CAM AU A B AE 7 VETE 3 M4
AR BRI 2 Fos. ol M1 A Ace PSR VPl A ZY (1) 15 I AR Al - 58 0 (BB 4T), FR I SRVTAG ALY
TE R BT BT (B LT). BT MTL PfHEATAE 55 I 2R 808, 88 R 29125 — K, BERT-Frozen-NCL /572
RNGRRe e AT 55 0053283k, BT DX 7 S ANAFAE R M PRI 10, (R FR s

2 CAM H5HAMIEMETIERILIGLE R (%)

. AR10mini ARI13mini MD16mini
Backbone Baseline
MF1 Acc FR MF1 Acc FR MF1 Acc FR
BERT MTL 82.83 83.93 - 84.79 84.85 - 86.65 86.68 -
NCL 69.30 71.92 5.85 62.40 66.46 17.68 56.61 62.56 22.04
BERT-Frozen NCL 64.72 66.05 - 70.75 71.31 - 67.92 68.36 -
NCL 41.71 53.15 14.65 49.56 53.62 21.83 41.89 51.18 20.80
EWC 51.47 56.71 10.08 59.77 64.31 12.27 69.45 70.24 12.91
HAT 76.81 79.01 -3.22 80.95 81.38 -2.22 83.29 83.58 0.59
DER++ 59.80 68.19 20.43 60.45 62.06 27.57 66.36 69.70 18.28
BERT-Adapter
L2 62.75 65.94 14.53 57.90 61.34 19.37 58.12 60.89 19.77
B-CL 78.95 79.84 -1.39 79.58 80.08 0.72 80.39 80.95 3.07
CTR 79.37 80.82 -3.44 81.67 82.40 -0.42 84.23 84.40 -0.35
CAM 81.15 82.27 -6.83 83.90 84.00 —2.27 85.22 85.29 -1.37

I AT s R, LR R E R

(1) CAM 7 3 ML B MF1 A Ace W35 B IEHETT 1L, T8I Fraad 2 ik e ge 57 MTL,
X E B CAM 1] LU OIS FMESS 15 R 0. 5 CTR AHEL, CAM 7E AR10mini A1 AR13mini b ()1 A8 553541
T (p-value<0.05), Xt — L ] CAM F A7 St 115 B s Bt & 68 .

SUG 2 R H R RS B RS T (CAM. CTR 25) 1 Y 5 35 B R 25 18 15 I3 B Bl & 10 07 12
(EWC. DER++%). X UL WS SRR 5 N IS B BT 4%, BN S IEME Bk G e i+ 4 2, Ry ]
L7843 FA AN [FT 45 BOB0HR, AT AR A BT 45 U1 S350 B 2 1) .

CAM 1£ 3 NMEE - TERE 5358 EWC. HAT. DER++. B-CL (p-value<0.05), X 7338 1E T CAM

allid
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HRME. CAM BT 5 EA5IRE B Rl G B LR s i (2774 CTR, £ AR10mini. AR13mini A1 MD16mini iX 3
MRS L BIRTE T 1.78%/1.45% (MF1/Acc) 2.23%/1.60% (MF1/Acc) F1 0.99%/0.89% (MF1/Acc). t #5645 5
K, #HELT CTR, CAM 7E AR10mini I AR13mini F4&F- T3 (p-value<0.05), X B CAM BA B 1IEERE
HEh&ae S, IbAk, CAM 78 3 M4 ErtEfe 5 MTL B2 EEAN 1.08%/1.66% (MF1/Acc). 0.89%/0.85%
(MF1/Acc) F1 1.43%/1.39% (MF1/Acc), X B8 CAM oM@ Re4k 3 2] Jr i Bt e fe 5 MTL, it —25 50
iET CAM M7 Rtk

(2) CAM 7E 3 MRS L1 FR BT H AR 7 1%, XU CAM BA AL i 5 (5 SR B 58 1. LLAh,
CAM 7E 3 MR L1 FR 320513, X UL CAM AT DU — 25 SE % A5 R I AT 1 56 85

ASBIT IS F (FR) KA (1155 BA5 BRI B 77, FR $aAmtl/N, B8 115 85 SR B A 1. 5 181
BAZ BART 77 (W HAT. CTR) (9 FR 18AR B R T HAMZEAE 715, B FR BUR I 5 M Re 5 4, 1X 1 B
B XM BRI 5T RS E B BT AT 55, BB 1 B S BAR B Re 1Ty 2L, BRIk v] DU RUER AR 5 i MR 18 s
i) .

CAM TE 3 MR B FR 8435 05/, BARSRUL, A SCHEH 19 CAM M8 T FR B/NAIEEHE % CTR,
fE AR10mini. AR13mini 1 MD16mini iX 3 NGS5 Al 4k 4E 5K T 3.39%. 1.85% Fi1 1.02%, XK CAM
BA RIS RE BIRERE S, HAh, CAM 1E 3 MR LI FR #8514, 1IX R B CAM TEFRFE:% Sl R R MY
WA RABE, RiBEERESME, BF T — Nl B ee . B R R R O AT % AR, S 508
45 1% 2 3R,

(3) A SCE T RS2 2] I VR R G S IR AT AT 55 7% 3R DUE S RIS R IR = T B MBI AT AT 55l
SRERE B 2 19 1) R

SO 45 TR B G AR SR AT S5 H I 2, RS 0 U VA I Ik A ol A TE R T . BLR SR U, AHER T
AR10mini, CAM £ AR13mini fl MD16mini 4> B3 F T 2.75%/1.73% (MF1/Acc) Rl 4.07%/3.02% (MF1/Acc), iX
PRI T AR BRI 5 R LG BT 55 03 X, iZAT 55 T8 SN RE WS B F Rp 827 VA LA Y B ) )25 2% ) 2 M IR e i
{145, X AT LA 2R AR T 25 VI GRBE B = 1) R, AT $R IS T P .

H— T, MELE BRI L, ARG ER FR B 2R HHE K. Bk UL, A% T AR10mini, CAM 7E AR13mini
A MD16mini 8 FR 53 33T T 4.56% F 5.46%, 1% /& BT HFp4L 5% 2] 3 5 P B SR IR ) AT 45, T B3]
AT %, B 58S, R S5TSBERE, R85 ) B RS S AT &, A FR RTE IR
MIPLIR S BE ST, T MF1. Ace JVE 2R (1) S AR T B

4 LIS

AFTHATT 3 AT SRIAE CAM A BRI AT 2. 36 4.1 FTIEI 0 CAM AZ OB H ) Bl S 56, 30IF
CAM AR [ERRH A F RN G Rk, 28 4.2 F5i@d 2 CAM 3 A\ H Transformer layer %%, M5 CAM £ A [F) 53 42
R REAR AL A B, I A ST S8 B B A TR, B 4.3 T LR CAM FIUR [R) 3 HE 5 S AEAS [F) B00E 2 45
TR (8], %640E CAM HIiB4T 3K,

4.1 HRAKWE S

AFTU T E X CAM AZ OB RS 50, #E— B30 F CAM A S B ) AR, T Al S 38 45 R 403k 3 FioR.
BAKTMIF, CAM(-DSA, —-SMA) RAfH—A Adapter % 2] fTH {15-. CAM(-SMA) [FI#: RAf F§—> Adapter, H£
# Adapter fliEUA FAF 55 045 49 B RFIE S DSA BEHGHATIH M5 Bl & CAM(-TSME) MIFR T 5@ (F 5 B HE
B B AN AR, AR A 7R (g k5 A% P A8 R 8. CAM(-DSA) fERI& AN [E] Adapter i1 HUAE 21 45 4E IS A3 48 A 137 B
] Concatenate J5¥2:. SZEG 45 AN 3 Fian, R R EIF BAK ) HT.

R 3 1T RUR I, MIBR SMA B TSME #B<x 51 ™ H 1) 9¢ M M8t s 1) . HART &, 78 3 M 4E |,
CAM(-SMA) T CAM 735 FBE T 16.08%/15.72% (MF1/Acc)~ 15.12%/14.08% (MF1/Acc) F1 15.65%/13.81%
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(MF1/Acc), X R W5 EAERD 143 T 2, &l DU SR AR i 4% B E EAR B AE /7. lh4h, CAM(-TSME) 7 3 1~4X
Pa4E EIIMERERS TR T CAM(-SMA), IXE B SMA )24~ Adapter tHE— & FEEE 52 ff o MEVE I8 s n) A

F3 CAM RO BB TH R SE IR 45 (%)

I AR10mini ARI13mini MD16mini
Mode MF1 Acc MF1 Ace MF1 Acc
CAM(_DSA, SMA) 6544 6733 62.06 64.15 61.42 63.08
CAM(-SMA) 65.07 66.55 68.78 69.92 69.57 71.48
CAM(-TSME) 67.73 71.66 69.76 70.31 71.42 71.79
CAM(-DSA) 78.91 80.68 80.02 80.17 82.50 82.90
CAM 81.15 82.27 83.90 84.00 85.22 85.29

B AT 55 ORI I, CAM(-SMA) (191 BEZHTHE CAM(-DSA, ~SMA), IX 1t B VE & Sy ML o] LA Sk & A
[RIAE 45 (s 85 2., TR FHAR T 1 . b4k, CAM(-DSA) 7£ 3 M4 L5 CAM ) MF1 18 Z 8545 R
2.24%. 3.88%- 2.72%. X Ut WA T {7 #11Y) Concatenate fili A 7572, DSA 1] LLSE A & il A AN 7] Adapter 4151
FHE, SIS AT (8] BB B B R, AT S PR B P .

4.2 %F Transformer layer 2{HIX3ELSL88 5 954

A3 f# |l BERT-base-uncased #& B {E AL A HESE . £ 45 523 i 2 % Adapter 46 A\ |42 Transformer
layer 1, (IR S HE=AR /N Adapter. S8, FEAE55 RFEE4E S35 T, BE AL S H0E 0360, 16 FH S 8000 25 0
AT BIMIE R S H S B K. B0, B 4 RIME S ID A 1, BhB SMA H U 1A Adapter #8004/ %AT
% ID AN t )5, SMA F2shZS16 00 1 — 1 A Adapter, HEE SMA F 3845 ¢ AN Adapter BUME. AN T 448 5RE
7= (8], RIS DAY YN ZrA A, CAM 23 5P 148 A\ 5B 5 Transformer layer. A1 81 X Ll 5256 W 2 AN [F) 1) Transformer
layer U6 CAM 1 RE BRI H 50 10F CAM B 1) & 3R 1.

LIRS R 4 FUR, 3 TR R CAM 78 3 ML b rgPERE, #iAL bRy CAM 4 A1) Transformer
layer 280, P ALA5 N CAM B Ace Rl MF1 $8b5. A CRI, 24 CAM {3 A 1 JZ Transformer layer I (5> HiE 5 2E
| BRI G — Z AT IR0, SR 5 B 5 45 R B P E VN A S5 ), BRI S BN ™ HE. 2 CAM A 3 2
Transformer layer [ (A 0% Pfeiffer 2 A\ U B E, 3L 0, 5, 11 J2), B R TH BB RE IKCF. 2446
A B Transformer layer KT 3 B, CAM HIPEBEZEHHE T 1208, N T IRIE CAM {5 S HEE 7, [E 0 ERAR 2 il
g, A& CAM 6 A\ Transformer layer #0552 4 4, 4378 0. 5+ 7. 11,

90 90

~— AR10mini ~— AR10mini

-= AR13mini -= AR13mini
855 -~ MDI6mini e B g (e 85 - MD16mini a5 e
I = S il )

70 ¢ 70 ¢
65| 4 65
‘
60 60
1 2 3 4 5 6 1 2 3 4 5 6
Layers Layers

Kl 4 55T Transformer layer %} bb 5256 45 )

4.3 3 CAM FE b EE 75 AR IE I TRTE 4T
A B A R TR TE 3 AN SR AR BN 2R R RO T A, BB T CAM BLAT 4 I ) Rk 28 Sk
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R H5K NVIDIA GeForce RTX 2080 Ti, 5256 Bt FH IR B 52 ST HEHE A PyTorch, ARIFEM LIRS E
3.1.2 TORFE— B ARJTVEE 3 M EIREE RIS AT B A03R 4 B, R Il ZR () 4 16 2 B AL 3 I 78 Fn g 4145
e A ZE BT T B [R] (AT min), TR B 7] Fig P40 R A5 FH U1 25 52 B 1D B 8 B TR0 BT 5 AT 45 AR 4 B 7 14
B IR] (AT s), B 5 00 4 P AT 55 B0 I 39 00, AN 8] 7 425 00 11 65 B i) R0 003000 T ] <25 40 32 347 348 . AR 98 55 4
iR R, iTUAR I TEE.

R4 AFTFEE 3 D EERE LRI AT I E

. Training time (min) Inference time (s)

Backbone Baseline — — — — — —
AR10mini AR13mini MD16mini AR10mini ARI13mini MD16mini

BERT MTL 9.89 14.78 19.14 21.21 27.81 30.06

NCL 17.55 24.31 29.29 12.02 15.86 25.17

BERT-Frozen NCL 8.74 10.68 13.27 18.97 22.51 25.43

NCL 31.27 36.85 38.23 26.29 38.52 44.37

EWC 46.17 50.46 58.72 24.95 35.58 44.86

HAT 31.14 42.68 50.77 17.19 43.64 45.58

DERA++ 55.35 78.53 100.28 15.96 32.68 41.93

BERT-Adapter

L2 38.47 48.07 53.31 50.73 74.29 108.13

B-CL 120.14 297.15 464.21 134.30 249.12 319.14

CTR 157.94 371.92 601.08 184.36 226.73 356.87

CAM 38.98 48.87 72.67 46.56 87.56 117.25

(1) LEREALPEREFNIE AT B 7] 2 1B AR T4+ o SR 2

IS g RIGE, A SCRIMTS I, 2R A A E08E AN T oA S8R 2 B IS AT i ). Bk
1M &, BERT-MTL 1 BERT-Frozen-NCL B Il Z5B [ AR 5. 57 /& BN 2 AT 55 5 S T A 30T A AT % I 48
PEHHEEEER, (GHEAT — NSRRI — R T, J& # 2 Ay BERT-Frozen-NCL RN ZREEAME S5 10402 3k, R AT 1R
SERA> . SR, ZAT 552 21 sURA B, TR R4 5. BERT-Frozen-NCL AR S $id b, iR 2 3188 i
PR, DR AR TR B I DER++IE 5o £ B 4504 M 500 22 M o X 1 0 5 i 830, R 7 40 A/ B8t 1 s O P g B i e K, 9F
LB 5 AF 55 = 3 0, DER+HUR B8 A4 MG 1) 25 (R AN SR, N T AR 3 il /B, AR SCUCHTEARR BL I M R A
A7 I 8] 2 (8] BUAS-~F- 173 22,

(2) Wl AT 25 a3 0, AN [R] 77 25 PR 25 ek (a0 R0 T D00 A 60 85 3 AR 38 . 5 FLAth 75721 B S U A : CAML BB A &K
SRR P BB RNIE AT B ().

TSR BTG INET, IR BWC IR ) R T 0 BF 5] 385 K 52 480/, (EU M BB ARG E AR, TEl s R
L% ] 1% DER++5 ZLAR B AT 0HE , VI 2180008 2= BB A6 AT 5 s 3 g 2P 1 K, TRtk DER++[ I 25 B[] 14 K 1
FEAR K. ZHR B IRFSE%5 2] )7 (B-CL CTR) B A AHX R AT (1B, 15 B T8 (1 2 Bt 5 A 55 B G i A2
K, BB R SR I8 SO, TR I G5 B () R TR0 e ) 3 i B A K. HAT B B (14 1 5 e AR S50 st
&), (AR 5 T CTR. CAM.

AR CAM TE 3 AR 4E B RIS AT I [ #2825 0t T B-CL Al CTR, YIIZRA [IAHER T DER++H FTf%
K. SeAh, BEE AR S HUE K, CAM IE47 I (8] 35 K IR E AR E T B-CL fl CTR P41, XK CAM RELRFFL
FHBAT R, 35 3.2 T ISLI 4 AR CAM PEAE 35 @ LA Bk vk, 25 BTk, CAM 12 3 MRS LA
RALHI R IN, AR m KB AT 20R, X U] CAM BENS 7R B [ 1tk B MIIZE 47 I 1) 22 1) R4 B £ 16

5 BEEFnREI{E

ULAESR, 7E T UAE S5 LR I 2R 5 B8 22 o NLP Skt 2 gyt 2. SR i BN Bl 215 5 AR
WRCR, B 2R N IR S5 AR 2 5t IR BR M AR BRI 5N TR S5 1R . O 1Ak phe L3 1), AL
FINFrEE 2] AR, B SO ey (077 5, 1k — MR L2 2 A TS, 2 T S, Achg 7
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R R R IR BRI ES%, JERA Adapter 480 AN, AR RIEIZ = N RS B T TS AE A
SR 0, ) BT 45 B AT SR B RS R 55 1) ) 155 A5 I R 6o A A D ) R, AR SCHREH 7 4 f
REIRIZ = P BSOS RS & #H77: CAM. BRI S, CAM 1 IS Adapter A1z 1% &
TR IR Foh, 1 A Adapter I8 I 175 R AT AL 8E S BRI T B 22 (15 B R, B I @ g
AN[A] Adapter U RHIE, SEILE G BRlG. 2 MR & ER LR R 50T R W, CAM BVEReHE T B 1T
B St 2R 7 CTR, A B AL A1 B B AR B B RS IBE Bl & A8 ), 3 BB Bm s 20k,

FR M TAE R WA HE— 5 s 155 s B Rk S L, IR R TR, Bk &, — A2 F e s
RO BN B AS 20 2, R LAl A L ST 55 R S R Ak G, 2 — 7 A S 5% AdapterDrop Al FL
B4 7 v F AR AR Y 2 5, AT $ s 280 (R I8 47 R 3R
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