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Abstract

In recent years, with the proliferation of e-commerce sites and social media, users have
more opportunities to express their opinions about products and services. For companies
providing products and services, as well as for people considering the purchase of those
products or utilization of those services, reviews that include users’ impressions and
opinions serve as extremely valuable sources of information. Given this background,
sentiment analysis, which is a task to classify subjective evaluations within text, has
attracted significant attention across a wide range of fields, including marketing,
recommendation systems, and customer satisfaction analysis. Among the various
subtasks of sentiment analysis, Aspect-Based Sentiment Analysis (ABSA), which
determines the polarity (positive, negative, or neutral) for specific aspects such as “price,”
“customer service,” or “cleanliness,” enables more fine-grained analysis of user opinions.
However, to train models for ABSA, training data is required in which a polarity label is
assigned to each aspect, and constructing such data demands substantial effort. In
particular, for the Japanese language, the development of datasets for ABSA remains
insufficient, and the lack of training data poses a significant barrier.

The goal of this research is to explore methods for ABSA with high accuracy in
scenarios where only a limited amount of training data is available. Specifically, the study
addresses the problem of data sparseness by leveraging a dataset labeled with polarity at
the document level as auxiliary data. On many websites that facilitate user reviews, users
can assign evaluation scores for target products or services. It is relatively easy to assign
polarity labels to entire reviews based on users’ scores; thus, a large-scale dataset can be
relatively easily constructed. Regarding ABSA as the main task and document-level
sentiment analysis as the auxiliary task, this research employs multi-task learning to
improve the performance of ABSA by utilizing the information obtained from the
auxiliary task’s labeled data as external knowledge.

This study performs multi-task learning of aspect-based and document-level sentiment
analysis. In our multi-task learning framework, BERT is used as an encoder shared across
these two tasks. Furthermore, two models for multi-task learning are proposed. The first
is a basic multi-task learning model, referred to as MTL-Basic. An input text is encoded
by BERT, and the encoded output is then fed into two distinct classification layers
corresponding to each task. Sharing the encoder enables learning of the classification
model from diverse information contained in multiple datasets, which is expected to offer
benefits such as suppression of overfitting and the enhancement of the generalizability of
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that uses a shared intermediate layer, referred to as MTL-Shared. To further enhance
information sharing between the two tasks, the intermediate layer shared between tasks
is added after the BERT encoder. The integration of features common to both document-
level and aspect-level sentiment analysis within this shared layer is expected to enhance
the performance of both the main and auxiliary tasks.

In addition to the above two multi-task learning models, a filtering method is proposed
to enhance the quality of the dataset used for document-level sentiment analysis, which
serves as the auxiliary task. Only one polarity label is assigned to each document in the
dataset of document-level sentiment analysis. It causes inconsistency between the content
of a review and its polarity label. For example, even when both positive and negative
opinions are included in a review, either a “positive” or “negative” label is assigned. Even
the “neutral” label is assigned to such a review, as the reviewer may give a neutral score
due to holding both positive and negative opinions across different aspects. To address
this issue, reviews that contain both positive and negative expressions are removed from
the dataset. Specifically, a sentiment lexicon is employed for the filtering. A review is
discarded when both positive and negative words in the sentiment lexicon appear in it.
After applying this filtering process, a polarity classification model is trained using MTL-
Basic. This model is referred to as MTL-Refined.

Two datasets were used in the experiments to evaluate the effectiveness of the
proposed method. For ABSA, the “Rakuten Travel Review: Aspect and Sentiment-tagged
corpus” (“ABSA corpus” in short) was used. This dataset contains polarity labels for
seven types of aspects, including “location,” “room,” “service,” and so on. For document-
level sentiment analysis, a collection of reviews posted on Rakuten Travel, which is a part
of the Rakuten dataset, was used. Polarity labels were automatically assigned based on
the 5-point rating scores provided by users at the time of review submission. For both
datasets, balanced datasets are constructed by randomly selecting an equal number of
positive, neutral, and negative samples. The balanced datasets consist of 10,000 samples
in total. The balanced dataset of the ABSA corpus is not perfectly balanced as a number
of samples of the minor class is less than one-third of 10,000. To conduct experiments,
the datasets are subdivided into 70% training data, 20% development data, and 10% test
data. In addition, to verify how the size of the training data influences the model's
performance, the number of samples in the ABSA dataset was diminished. Specifically,
we prepared datasets of four different sizes, i.e., 100%, 50%, 25%, and 10% of the original
dataset. While the size of the training and development data is reduced, the test data
remains constant to ensure a fair comparison of the models trained from the different-
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is not decreased, considering that it can be relatively easily constructed. The performance
of ABSA models was evaluated using the accuracy and F1 score. A single-task learning
model was used as the baseline and compared with the three proposed multi-task learning
models.

Experimental results showed that there was no significant difference in performance
between the multi-task learning models and the single-task learning model when the
training data was sufficiently large. On the other hand, when the size of the training data
was limited to 10%, the multi-task learning models outperformed the single-task model.
In particular, for polarity labels that are difficult to classify, such as “negative” and
“neutral”, MTL-Basic showed improvements of up to 3 points in both the accuracy and
F1 score compared to the single-task learning model. Moreover, multi-task learning
models demonstrated smoother transitions in the accuracy and F1 score during training,
with a tendency to attain high performance even in the early stages of training (with fewer
epochs). MTL-Shared was effective for some aspects, but showed a strong bias toward
the “positive” label, i.e., MTL-Shared classified many test samples as positive. MTL-
Refined improved the accuracy for the “neutral” label, although improvements for the
other labels were limited. A case study analyzing correctly and wrongly predicted samples
revealed that the multi-task learning models could correctly predict polarity even for short
reviews or reviews including euphemistic expressions.

Future work will focus on further improving the flexibility and performance of multi-
task learning models through dynamic adjustment of task loss weights, refinement of
parameter-sharing strategies between tasks, and incorporation of attention mechanisms.
Furthermore, efforts will be made to enhance the interpretability of ABSA models and to

explore their practical applications.
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DIRERRIC KV . REBE L XOIMBRERI G LT DT 03— F 1 THHK
DE AT THEINDD, ZNENOHIIE TS U Tk &b, He B,
FEAER 2T a— LA HIOAAL T~V TF B R 7 ZFEER 2R L., B
IRH AT R GE A BN 2 DT —% T 7 F v ZFEH L T 5 [5],

Tl L, 29 LTenmRg A—FIHIZIERA L H D, Bip D Z 27 3RO 51
DORIERLCTER RN TN TV DA, BEAED /T A =2 ILF TN 2 > TR
ERICSELIGEN DD, TDD, BT LA - pBEERET oA
(Partial Sharing) <°. GradNorm [6] D X 9 IZAEL /L A Z B IET 5T
EPREIN TN D, 72, SCERIRITKT 2 BiE 0T & FrE ORI 5 &
DL DI, AT D XARNDIRIR D X A7 W4T L CTFRE S 855, /87
A —Z I PERE DAL 2 8 < BB BEE T 72 D FTREMEDR H 5,

SHIZH AT DN FHRERA T — NV OE NS T D720, FEATFY
2— U U TREAME G BB ERZ T D, Jia i, BEF A7 21
7272 R CHL D TALL-IN-ONE] BIDKERL 2 HRZE L, 70 2 M1 & A 7 Z 33k
FERIELT—FT VT Y EMHEELTWA[T], M HIE~VTFH AT EED
RS2 W FEIE OBLS N LE/R L TWS, H—&% 27 TOHE T, BEDS
B ~OIBEE RSN Z 00T WA, Y A7 ORI I - TEER R
LR ENEANSH, ETVOIULRE DN E £ D,

TG AT D43 B TUR, STERERIT )T 2 54 oA O Rk 7 ~ L i3 i I AR
LT W—FH T, BT 2EESIIIAFET /7 —varoax hnE<,
KRBT — v S OWARNEHE L\, 29 LTZIEEZ N 5 F1E L LT,
Zhang ST SCERMRITHTT 2 BUE 00T & B39 2 845 0T 2 RIRF SO, 3
LT~V DA EFEIERIC X O RIEO B 58 EEH®RE KA T D Dual-
granularity Pseudo Labeling (DPL) Z#EZ= L 7-[8],

— 5T, BAGEICBT 25 R 2 BIE AT ORI IR ER TH 5,
VDT HATEOT — &1 v MTxt U TBEMEICKRT DG AT & SCERERICK
T B IEAE T 2 RIS T D~V TF X 2 7 RO EHNIFIE LRV, 1ED
%, BARFEOBIEICKH DG SATIC BT B EMES T 2 U BTk L CHiBLSC
BEANTDH & TR b A LZ[9], SCESRITHT 2 BUE oiT OfE B4
B E UCTIEHT 5 2 & TR T 2 g AT otEse & etk 2 m LS8
LRSI HITMET D, 7272 L, & ORFZEIXEMEIT 9 2 S o AT BRI 85 5
EU T bDTHY, CERRITT DG T & OFETE 2R T 58T
ECAAN



2.3 AR DHE

AFZEIL, BARGEICIIT D BT DA o #T & SCERRITRTT 2 g 5
PFrORFFFEIZ LD~ VTF X A7 ZBERG L, ZOEE G D, FFIZ, X
AR T DG T & BIEIC KT DS T A A S v~ v TF X R
FE OPSHAT, SRR TIL B O REBINFAET 5 — T HARGEIZB W T
FHNTBRFES N TR LT, ATHRERIR LN TS, 2O XL 9 R Z#E %,
ARHFFEIL B ARGEZ RGBSR T 2 B OATIC T 2 v vV TF X R 7 FEHOF
ik & RIS D,

AR THN =T =2y MIWTRHEER NIV L E2—2HIC LT
WD, CEARITHT D EE ST — =0 A D L2l A =2 7 %
AT LTttt 7 ~v BHEICKE T 2 ST ANFETT /7 —va v ank
BT & DRMET NV EHNT WD, MZ A7 LA — RAAL U ATH D R B E
WHEEN R D720, v VT F A7 FRICL - THAIMZR RS E A A S
%

F AW TIL, BERT R—2pd@o  a—F &l Lo, Hilirx 2
FHET AL RELARET LV, SOIZENMT—2 D7 4 VE ) 7%
T BHDO~NTFZ A7 FZEET NV EEBRGET 5, FrCHIT — % B2 HIR L
M TIZBWT, By 27 & L TOCERERITHT DG S0 S Bkt
T DIEAE T OVERER BICF G T D EFEMIC O T2 28T U Y — 2K
DR EVHARGED BT D ATIZOW T ORI ML EZ 55,



FIE REFE

AREE T, BYEICRHT DG oW OMEREm L2 B E Lz v TF 4 27528
DFEZDONTIRA D, CERIRDEAFG 5T O 728 O KB FIFET — & 2317
TEL., BYEZ & DRGSO 72D O/ 72 FIRHT — Z IMFAET D & 9 4RI
ZAGE L, Z ORI FIZBWTBEISRT 2 0G0t oPEREm L2 X 5,

F9° 3.1 B CIIAMERRR E T DX A7 E LT — % ORiteSRMICo
WCHEHES 5, TREOIE DT X A7 DEFE L T DS E D, 732 5 ONIAKHF
FRICBIT DM EM 2 T 5,

3. 2 Hi Tk, CEREROBIE O &R 2 g O 2 RIRpC 8 3 5 &
KR~ NVFZ AT FEHETNERET D, KET/VIEBERT "—ZA DT a—
KA FUTHERL S dv, SCERIROEE o & BRIk 2 84 ot 2 W0 511 AT
) fETE & FFO,

IHITIL 3 2HIOET VAR L, ¥ AV THAT HHMBEEZEAT S,
ZAUCT KD mE 27 TR RAICTEREZIRZE LSV, BT 2G5
WrOBEOS S5 m Ex#X5,

®IZIZ 3.4 HiTlx, CERKDOBE ST & 27 OJMT —2 07 4 2]
T FECONWTHRAD, BERMICIE, LERROBEESITOT —4tEy ) bH
EHEREBENERLOM G2 St IV AT — 2 o325 2 & T,
JBPEIZRET DINE ST T MK T AR LR T 52 2 L2,

3. 1 EIREE%TE

A TIE, VB a—XEXMNGUT LIZEIE I 2 A7 2o, EleD X A7 1%,
XHORFED M (B Ik, WE, THA e d) T EIER O T L%
Hesm 32 TBtEIC 3 2 & 08T Thd, —F, SCEERICK L THiEZ ~v
iR o [CERRITKT 2G0T 1L, FX2 A7 OFE %2 38T 5B
IRARENL UCALEM T TV D, flilha 27 L L CCERERORE oW 219
52 TR ARG AT OMERER LA XA Z LA HRE LTV D,

WX A7 DREZFENOOEDFIT —F Yy NOBREESGETH D, X
FERMERITHT DWMET VL, L E 2 —RBRREOFIA 2 7 2452 & T
REOFH| % RS ITIETE 5, 2k LB T 2MiE 7 ~ 1%
BT 2%, BES EOFHMEEE 27 v 7 — MECTa2—F—IZEZELTH 5
I, IR SN EEEZ N LEh T hics L TR T v E 575
T T=varETOMERDD, ZROOIEETHESENEL ., FORED T
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SN ET—ZEHRERTHZEDRREETHD 2 ENZV, LTEN- T, LELK
IR DEAE DT DT AT E T —F v MIEEZEN, BT 2K
Moo ~)uhl& 5 — 2 30 & W o 72 IRk s LI LiIEs4E+ 5, K
WHFETILZ D X 9 R T IZB W T, BIEICH T 2BIE 7 v 25835
ZEEMERE LT D, ZOX ) BRERED S & BT DG 2T o
FEZWVDIZ L TEO DN HLIRRREE 72 5,

BARPZIE, ¥ A7 BT DR EIEH T 572010, v~V TF X A7 8O
Petlr BT 5, SCERROMPMEICRET 2w T 7 L 2 B8 L n
O, FHBTH DRI DG o OMEREm L4 Bfe 7, A5tk 5~
NWNTFEA7FERLT, B~ a—X Ko TANT—Z2THHLE 22—
DT L, 22 CERIRICHT 2G0T 2 2 7 B X OB 5
BAE T & 27 oM THRA LoD, £Z A7 EAD TR L > THEEm I 1L
TNV EMNTDHENIREREIET, 20X 9 RREFHT LY | BB R CGERK
DG T — 28y D FATIE®RZ BT 2 &G /5110 b MR
EHTE M En D,

lés

.2 BEAKMLETILFRRIFEEETIL

AEHITIEX, BETFEICBT2EAN I~ VT X AT ERET IVORERIZ DN
TikRD, KETNDT —F 77 F ¥ &K 3. LR T, ZOET VL, CERK
X DREAG T 2 A7 & BIEICT DG ot # A 7 ZFRIRFICH D Z & %
HIE L TR SN TS, T—F T 7 F v T REL Z0OBREEZENL 2 D,
FTASNTFARMIK LT BERTOZ > a—F &AL, 73 &2 FOCHRE D
IANARBE ST 5, WIZ, =ra—XOM iz A1k L, SCGERRITRT 5%
B ET D08~y NE& | BYEICRT 284G 2 HET 2058~y RE25IC
&<, WTFNDO5HE~y Kb, Feed-forward Network (FFN) 7> AL S 41, SCHR
HOIARTRBL B IRME 7 ~ L 2w T 5,

FEREOINET — 2y MNILEREOBE M F A7 DO E2—LBILO
e Z -~ & BEICH T D EIE T X AT DL E 2 — 308 LU T L
FREENDXIITT —ZEWNT D, Ny FHh A XARLFEFRED/NA /N—
INTA—=ZDREIZHOWTIE 4.2 JHilZ THRBT 5, CERIEOEE ST % 27
ERMEIZHT DIEE T Z A7 DERFNICRI L7 B A2y e B —EKE H
WTEEEZITV, 72 BRI M & 27 OKOFET 5, 2 2 TEX A7
DOEEEZEME 70 L, W2 INEIC L > TREBAZEE L TWS, FHf
[CENICEAZ T 5 FEZEATLIRE H D0, AW Tl b Bz
FEEBRHAT %,



AREFNLVOERF|EE LTIE, BERT = a—F DO hExZ2 27 i+ %
IRV ICE LA E BV VO RIEMATER CE L2 ARET 6N
Do IOITHATHIFEITIIC L D &, HEO X X7 DK Z D ST LHAUTT D
ZEE—FHDF 2 OFEEVISHIRGDH D, Fle. FTNVDNT A —=Z K%
M2 BN SEBEOE N EHEONDHLFEANZRAY v FTH D,

— 5T, F—0Ox=ra—F By 27 AT HHFHIIBRABIFET D,
=& 2 0E, CESEOSOIRIEYE & BRIk 5 RATHREIN & TIIKE L SR D
EERNRR D720, HH SNTRFEEN —HFOMREEZBEEICT 2V 27835 5,

XEDEE RIEDIBE

BEM : 0.8 BEM : 0.8
BEH : 0.1 BEH : 0.1

TR : 0.1 TRy - 0.1

FFN FFN

A

BERT

XE

K 3.1 BEAWR~LFEXRIEFET L

S.3FRHEBERAZAWVATILFEARIEEETIL

ATEICTIX, BERT == —2 0O RIZSCERERORIT T L OBIEISS 2
& 2 USRS LIS O~ R 2@l 5 AR 2~ LV F
5 A ERETFNERN L, AHCHENEZRRESE, 2y a—F Ol LE
MO T~y RO ATE 2 AT 2R 2 RET 2, ZnEX 3.2
N7

Z OFEEEEAIE TV TIL, AJISCITRE L BERT = =2 — NSRRI 22~ 7k
INRBAER L%, FOH 2 ILBOLEEEE (Feed Forward Network, FFN)
(@Y, ZORBREIE, XEREOBERCMEICRET 2R e miH LoD, ¥R
EAORBULHE LT WA T 2 BB 245, TOKR, ZOREREOH
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HERNT, ENENOZ AT EROH )~y RTRET S AV5EEITO,
ZOMRICKY, by a— X OEALAZTTIEEHR LIC WHEK
72 AL - RIS FTRE & 72 5, FRICBMEICH T 2 BE AT & - Tik, SR
SR OFEHMEN ML IND Z LT, DET =X THLARREE M S
T RDEEZIBLND, INA T, LERKDOEE ST & BT 2% 72
Hroomi 7 CEWRAIIELL L7k S o m (B MERBE., ik, FA
RE)ITRBWT, AR FO @AY — 2T A E R SN S,

XE DB BHEDBE

B/ : 0.8 BEMK : 08
EER : 0.1 EER : 0.1

H3THY : 0.1 3LAY : 0.1

FFN FFN

A

Shared FFN

A

BERT

A

XE
K 3.2 FEEEREZHAWVWEILFEZRI7EFET L

AYNET—2DIT4ILE) Y

VIVTFH AT FEITBWT, MY A7 TH D LERIROBE SN O T
— Xty FOSEI, f&x&f%éﬁr_ﬁ?é@r\ﬁ PERELC %ﬁ%ﬁ
WELHZDEEZOND, BAEITIL, SCEREOEE I OFIMT — #1286
uw:20@@%@@#waé$M%@ﬁﬁK%%ﬁ$%i\E% ﬁﬁém
FAﬁm®ﬂﬁ%%;%%@%&fﬁﬁ%ﬁﬁ%é

7o & Z0F, PRI ER LV, BERITOE VN, | &V oz b B o — SRR I %)
LCIEHE m:ag W6 L IR EMNRBE R 2R L TN D 7, STEEIROKE
FHEENTHDLELBRERNTH D L BB CE v, SCERERDKE SHro B
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AL E 2 =SSR LD & DO T LT 5 2 L Th D12, HlliT
NUUE THSZ ) 12725, LvL, v A F X A7 F2EOBBRTLE 2 — PO EE
M7 B TR L) EEENRER TOE W) 23 T o7 T & L BT
ENDHZEICEY  EFANREMBEEEE L, COZLREF AT DET LD
FENCHERELE KT T RN D 5,

Z OREIZKRLA B 728 AREFFE CTIESCERIROBIE o8 O 3T — 2 12 %t
THT4NE ) T ERET D, BRNIZIE, AARGEHEmMERE: Sk (AE
FEE) [10] 2 O TEUCE ENDMMEFEL M L, B EH & & EE A R H
BPBLTWD L Ea—XEBRHT 5, £ 3.1 13 HARGEAGBIEREE D D BIEGE
—H LT b DO TH Y, £ 3.2 BXOE 3.3 15 EREE G EBEMNFIFFICHE
LTWDLE2—XDRTHD, Z 9 Lz Ea— I CERKRDEE DT O
FRIEDSEBR CTdo D LT L, 3BT — 2 BRIV D, AT, LR R
WG 2 27 OIET — 2127 4 VBV > 7 AR ORRPEDOBEBR X 23D 72 E
B DHERT D,

&K 3.1 HAGEHImMEREE[10](HHRY

=== L =
L e B 7E ot

HEX DD T &
bHED T2 D
bHEND TN
bHEnd = | TIEen

PR FTIEH LW
HED EROE RS
THY
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# 3.2

HEZLEEFSARICERIATWI L2 —0fl 1

Lt a—X

HEDEbALRREINTEIELT BAELW 72D FKET
ANTH R TL 72, [CHHoER7T 7] [(FAzv 7
Sv)] EREYRKABRRAE TR 5720 -+« BuF v
A v HERETT, FFEE, MZEER] SRICHEE

il H A

(A7 FHE) ', ), (K GH) ', 'Ww o729, (K
GFAli) ', il 2]

#* 3.3

HEZLEEESARICERIhTVwILE 2 —0f] 2

LEa—X

RE2c, BEDEHED e, KiEcd, &, KRR
AvEdonizhic, HBARDLL, T boz D ED
PV IZZR BB ETNE, HTIRAIR, BRE-7Z6510
Lwid, SviZdhoc, Kike LTid, 2LPREDL 7%

1(}OOO

il H A

(477 GHif) ', "W Y 7z, (KR GHi) 0, oK), (F
¥ ), iie)]
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Tl = ER

AFETIL, AR TRE L~V TF X R FZEET VORI ERIET 57
D, BEOFME FIZBW TG O # 27 OFHFER 1T 9 o

4.1 H#iCIE, BERICHW T — %ty O EFFEIZOW TR 5, BIEIC
KT LRENE ST OT =28y LT, ERNILT—FEy ] & TABSA
ZITffE A=A O2O2HND,

4.2 fiCIE, FERRE EHET L A =3 T A =2 E, FHlifEE R £
EEOREIZOWTIHHT 5,

4.3FITIE, BRI TNV T—F By MEHWEERERZHRE L, ZORER
HELRTD,

4.4 fHiTIE, ABSA & 71 & a— R A& FWTZ ZBRIZOWTHE T 5, JilT —
2 B BEERICD S A FEBRA TV, v VT X R T g E oEdtE & Bk g
92,

4.5 JiTlE, FHIGHT Z2ITV, VT F A7 ZENED X9 23Tkt LTl
HWRAEHTZDTO, HDHWIFWIHEREE LI T LDNELET 5,

FAE

A1 T7—2tv bk

A Tld. CGHEERICN T 2 G & @I ICH 3 2 BIE o~ v 5 %
ARTEBETICHZD, ZNEFNICHE LT —2 €y P 2EEE-FHT %,
LT — 2ty bO—E%F411CTT, WIFRHELTFT—Z v F11]%
L4232, FBAF—2%y M, BRF T ic &S - miAlakice+ 2L
Va—2bilansg, 27, fHT2L a2 —XBLUEI 5D HEILL
AZICL o THRER B,

¥ XLELRIOTT RGO Z A7 DIEE T~ e LTHWEDE, R
7 — Xt v MZEWTHHAEPBRERIC AT L 721800~ O # & 1) 7o 514 ©
BHDBRFT_XATEZ—F =13 1~5DEDOEIC X > TRETHE % %Fd 2,
AREBTIE, B1-2% [KE) B3% [hir), B4-5% [HE] & LT
T _NEZE YT, RIC, BRT— 22y P poERICHEHATILEE2—%
10,000 A L 72, C 0B, T D 3 oo ik cEERT — X #REEL 7=,

® JUVXLI10,000 kDL a—% T v LICHET 3,

® B MMt T NA(EIE - FiL - BE)ZNENDOY v I ApFEEE 7n b L

L a—% 7 v AL L,
@ TANRYVITBAFDTIANEY) VT EBITo7=5. HE - BET
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RVDY VTN ERET v 2 LB L 72,

o T — 2%, FIFE: BEE: 7 A POEER T:2: 11025 X5 DEIL 7=,
*?i)%@ WA B IIE T IC DWW TR, 2 OmME 7 LR R L 72,
—Oo®t, KT —X kv MTBWTHHAEPBRERIC AT L 72180~ D
EﬁﬁWﬁﬂﬁf%éomfﬁ“%ﬁkvFﬁﬁﬂféﬁ%m%ﬂmﬁﬁiyiﬂ‘ﬁﬁx
BE. BG, VY- XA, TA=T 406 HHTH S, TNLDREHEICODVTHRA
AR & FRRIC 5 BB oA I hTw2 T, B1-2% [HiEl. £3%
(7|, B24-5% [HE] &TMmMET7_VAZE D YTz, Kic, FEERICHEH
T 5L a—%EMEIC 10,000 Rt L 72, SCEEHICH T 2 BE o 7 —
Zxy b ERBRIC, v ALt a—2MTE [Ty &0 b, BiET~L
DYV TNVEBEFC R D XS I3 2 B o7 —%2%y P 2ERL 72,
Z D%, 10,000 tFo ¥ v Z IR BREE : T A POEGA TI2:1 1T 5 K
INEILT-, b, 438 THBTE LI, ZODF—X Ly PTIE, LEa
— AL BEHRN R T ONER—FHL T, $/2EFLE 2 —XHICEYD
JBHEDFRRBFFIEL ZWICH DL L T8 5 OFHliff5EnTnadine, vl

DO DMEEYED 5,

TODDRET RVIFIERFIRVILEa—T AR b« VFRAY X
ffEa—x[12] ICL2DDTHE, AT, 2% TABSA X 7 ff & 2 —,vx |
MR, ZDT =Xty bTIRERF FVICHEMINZLE 2 =3I L,
ZNDBERLTWEEEE, ZoEEICT 2BEEE, BE)D 2 O 7~
ABTEEINTWE, EEROBE BT AR EINTHARNT —ZIZDOnT
ZHNLD TNV EAFE LTz, ABSA 2 7 ff& a— X IR NE LRI EE
gl BEC L 04 ERRIERR*EDEWE R T — 2 Th b, YT —% %
v b OEEIIHL, FE. SR, YR, BE. VY—EY X TA=T74D THEET
b, WIET<ADY Yy TAEHEF IR S X5 ICgMZ LI 10000 7% i
L, i EE: 7 AL DEIGH T7:2:1 K22 X3 0EILT-, 5P inil
T — 2B T 2ETVOMREEZHET 2720, BIEC &I - BREET — £
DEEZZNZN 50%. 25%. 10%~HIKL 727 —2 € v F dIERL 72, b, B
nABOIT — 2 oFEHINEETNDIIGO OLERER KT 2729
P - AT — 2 BEWO LT —Z 2y FTCHT AT —XDOREIFHS LT
W 7Ry,

RPN IRV T =Xy FOERLEHET — 22y F Tl THE] 7]
[(BE|DLE2—2REICARD L5y TV v 7 Lz, LarL, ABSA 22—
NZTIIE T _RAVDPHEDIRY BE L W2 . 3 D07 7 2D L v a—
ZREICICT AR TELRVWEARDH 72, 2O X FHEDDLL LI LD L
Ea— e GERL, BV I oL va—FRCEICRE L v T
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VY 7 Lize BlZIE, 2Rk L va—1F8% 10000 e EL-E X, BET
XL DLE 22— 2000 L2 W0iGEICIE, ZTNER2TT—X %ty MITED,
FY SRV EEETIRLDLE 2—% 4000 32T v X LIEINL 72,

£ 41 F—%%v + D¥Er

W& B | EE—E o [ |G 7 &k

D-RD-Random |X& |- 7 v &2 7000 (2000 |1000

D-RD- XE |- it 7000 2000 |1000

Balanced

D-RD-Filtering | & |- 7 4 v Z|7000 (2000 |1000

)y

A-RD-Random | |Z#h, #E, BF,| 7 v £ L 7000 2000 [1000
A=, —v X,
TA=T 4

A-RD- e |z, EE, B, | 7000 2000 |1000

Balanced B=, Y— v R,
TA=T 4

A-ABSA-ALL |8t |, 3R, &, |k 7000 2000 |1000
Y8, A&, -
R, T AT 4

A-ABSA-1/2  |BEM: |soHh, 2, $R, 3500 [1000 |1000
&, BE, ¥ — (50%) |(50%)
VR, T AT 4

A-ABSA-1/4 |JBM: |soHh, =2, §8, 1750 |500 |1000
&, BE, I — (25%) |(25%)
VR, T AT 4

A-ABSA-1/10 @Y |, 3R, #&, |k 700 |200 |1000
&, BE, ¥ — (10%) |(10%)
VR, T AT 4

* F—Xky FOBEFRICE T BIRDIIERT — %€ 11155, [ABSA |
X ABSA 2 7't & o — 2 [12]10b T — 2 % BfSF L -2 L KT,

4.2 RERTE
RETIE, AFRICBT 57 AT 5 22 ¥R 7 A OTERIC BT 2340
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f(ﬁ%&h LLOU\TT éo

4.2.1 SE&H

K%%Ti*%m&F?yx7¢~v—N~X@%?w@774y%;—;

[CHEHL L 72528 Sk 28 L=, ~X— 2 @D BERT OEF /L & L CHBTHE %
ﬁ El Zliﬁn 5 /)L Td D cl-tohoku/bert—-base—japanese—whole-word-masking
R L, ARIIEF 512 h—27 IR E L, 8T AdamW 477
A =AFERO, FERIT 2 x1075, Ny FHA T 16, FETFR Y 7 K3
MK 10 &L, SRy 7 TEICHRERAE LTz, BFEZH<TZOIC Early
Stopping ZEA L., MERENSE LR VVRAED b =R v 7 iV Vo IR i T8 & 45
mbtowﬁ%TwiﬁﬁT BT D IEMRRICHE S HEIIRESND
LIOBRE LT, AWF2ECTHEM L7-4TDOHEBRIX Google Colaboratory E®
NVIDIA T4 GPU BREZIZ CTHEAIT LT,

4.2.2 Lk RF &

ARFFETIE, BT DAV TF X R ERETNVOHINEE S AMITHIET D
7=, uT®4@%@%7w%m@ﬂ%&Lf RE LIz, 3T %wf\$%
FEFEAHO BERT @D/ Ny 7 AR— b U, #ER & O DMWEREIZ RT3 2
R L7z,

1. > 7R A58 x5 (STL)
B RE T DIRIE ST X AT DIHEATH T L,

2. HAKRH I~ TFHZ A7 FEE5 ) (MTL-Basic)
SCERRITKRT 2 UG 08T & Bk 2 G 7087 2 38 0 BERT — > 22— & )
BAFNC BT HET L (3.2 EBHR).,

3. HEAE~LF & 2738 E5 )L (MTL-Shared)
MTL-Basic (3 F OHHEZ BN L-ET /1 (3.3 HEMH),

4. EEFLIFT —ZIZ LD~V TFZ A7 %EET L (MTL-Refined)
MTL-Basic ORERIZINZ , BEBRR X ERINT D 7 4o V2 U 7 %M LT=3T
— X AW THEETHET L (B4 HizMHK),
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E 5T, BHICET D ERIGE T Z 27 OFT — % OB EZRD ST EhEa
%MLtoél_fimt%D\E@_&umﬁ MET — 2 DB ZNE N
Em%\Zwa]O%Aﬁ@ﬁbkﬁ*—ﬂ%tfb%ﬁhdto:fW:i@%%%?*ﬁND%
DG T T NV OMERRIC KT TREL, T —F BICkTo~1rTF 227
%mmﬁ@ﬁ%ﬁﬁﬁé

PERED LLIRICIXIEMER & FIEZ A L=,

4IEXRFIRNILT—E2tY FTOERER

4.3.1 RERHEREER

MOIZ, BRI TNLTF—F 2y "SI A ATHHLEZLE2—C1H
EE AW T, SCEREROKIE & BEICKT 2 BE 2RI THIT 5~ 1T 2 A
7 ¥ €7 L (MTL-Basic) ZFl# L7z, 97245, D-RD-Random & A-RD-Random
ZRWTEIE ST ET V258 Lz, WEgE LT, A-RD-Random D&M 5 T
TNEATFZERETNVEFHEH Ulc, ERERER 421587, EORMEITON
Th, VILVFHRTEHET VI T VHE A7 8T T )L L R TIEfRERSe
FREICRE 2ETIR LN T2,

FEBR 1 TlET —4# &~ b D-RD-Random |23 1) Mt T~ L2 K& 7R 0 237
T 5D, 43T I, BRT—F By hTIEEEDZ VLR H I
tval—@ﬁ#¢4%mmkw«fﬁﬁbgwo_@ibﬁﬁmT?m\E
LOEDETNE [HE] DTNV ETRTLHZEDBELholc, TOTEN, +
IVF B AT FENT K o TRMEITKT T D KA o O IEMRERE FAED SE Lo
THRREZ 2 b5,

K 4.2 £l oFER

IEfR=R F e
STL MTL-Basic STL MTL-Basic
1. SO 0. 836 0.833 0. 339 0.33
2. TR 0. 754 0. 755 0.521 0. 489
3. B¥F 0. 747 0. 743 0. 58 0. 492
4. 8 0. 688 0. 68 0.5 0.473
5. —E =R 0. 777 0.771 0. 532 0.534
6. TA=T 4 0. 678 0. 68 0. 402 0.417
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* 483 EBRF—2ky MBI a3BEIT_AVONH

HIE ERVA BIE
1. S7h 1,814,597 | 315,623 63, 956
2. HhE= 1,651,708 | 407,214 135, 254
3. BE 1,623,847 | 412,892 157, 437
4. W% 1,452,425 | 412,892 159, 502
5. —E =R 1,660,329 | 412,892 103, 073
6. TA=T 4 1,463,648 | 583,418 147,110

EE 1 ORAEEE 2, FEBR2 TIIHE « PL - BEDK 7 L RIFEEH
HToX727—%%2y b&¥fF Lz, 7725, D-RD-Balanced & A-RD-
Balanced Z W TGO ET N A~ /VTF X A7 Ui-, £, O %5
E b TN H Ry EEE T VE A-RD-Balanced Z W TEHEE L-, iz
LV ETNVOTRHPBEEDO RN T VRS &) M- A BB LT 7 /L OMEEE
FHREICIIR CE D B 2T,

TR 2 OFERZR 4417 7T, ZORTIHEE T O EMRELNFEO~ Y
w0 AR T, FAEZ R T 218 TR L2 E &L HERZ2 A 2B
AFEALIRT, [N s —bv 2] OBMIZOWTIL., MIL-Basic
28 STL ZIEfR=R, FMEL biC kEl~7=, —J, B2 EE)] oL &, MIL-
Basic X SMT Z 1IEf#R - FfEE H I FEl-> 7=, —¥ D Eitic oW T~ /L F %
A7 K> THRROMB ENR A bbb 00, BEMICIE~ LT & 27528
EVUTNE R R TCREREBEITR NIRRT, SCERROKE ST #
A7 D= NTFH AT EEFT L o TR DG o 2 A 7 OMERED A |k
THAREMED G RIR S =R, EOBMIH L THEOANEZRIET 5101
FEORDTLRPUETH D, S HIT, LERKRITKT DEIAF 2T & BRIk
T ARG & TOREZ LB L2 & 2 A, CERMRITR 2 8UE 58 o J5 i
HONCEWEE 2R Lz, s AR 4.5 123, [IEM=E] TFiE] own
THOREIZBNTH, BHEICKHT 2 PRIESCERR L~V ORI RIX 72D

o7,
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F 4.4 EBR2 DR

Efif=R FfE

STL MTL-Basic STL MTL-Basic
1. SO 0. 538 0. 547 0.52 0. 529
2. HhE 0. 663 0. 649 0. 66 0. 648
3. B¥F 0. 636 0. 67 0. 64 0. 672
4. W 0.613 0.611 0.611 0.611
5. —E =R 0. 674 0. 678 0.672 0.671
6. 7A=7 |0.555 0. 566 0. 56 0. 549

% 4.5 EBER 2 1cBF 5 ABSA L XELEDOKEHE

ABSA ERK

IEfR=R F e IEfR =R F e
1. O 0. 547 0. 529 0. 747 0.612
2. HE 0. 649 0. 648 0.733 0. 668
3. B¥F 0. 67 0. 672 0. 74 0. 641
4. W 0.611 0.611 0.75 0. 603
5. —E XA 0.678 0.671 0. 704 0. 638
6. 7A=7 4 |0.566 0. 549 0.74 0. 609

4.3.2 EEBR 21249 HE_Y 74

REFROWEEW SN D0, TA MF =4 O—EBITHT DY S5b7
17D, AFRGE L0, RS [RE) OLX, v AT ¥ 20 ¥HET
NVIRERL Y TN A7 FHET VBRI — A, BEOZOWD
— 2 W ETANBR ST —RAD 3 HOTH D,

YNT YRS FHETNOBIEM LI EHIER 4.6 1R, Zhb 0%
T, [ RPEBIEST] TR b — R 3ERICER LroTe) Bl R¥C
ERLEERNESEENTN L, —H, YV I NI R FFETLOLIIE
ff Lol 23 4. TITRT, 2RO OFFITIE, RHFLBURO RV L
Thote, BMCHT 2 EIEORIAERA IRAN SN L&, AT X A
7 EFTETNEERD ZENEVE SR D,
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WETIVNARIEMR & 7o - Hil 23 4. 8 |Tvd, ZOHEMITIEL, T7H 7L
RG] THIFE LW R LW E W) BEMNREANALN, WET /v
DOTHZ Ny TH{E] THHEN, EMRT X THL) Thb, Zo7—%
Ty MZ iéﬁ$7mwin—ﬁ X o THEZONTEFERZHIZREL T
WHD, EDEEMEICITER KD, %@vel~mow1%ﬂﬁXn7gv
En—ikmﬁAﬁ Kié%@m BENT, e xiE, B5 L) &R
IZH b BT, TEREL W) REGENREBIENEGEN TNV W
IZ2 1T NERD 2L W] 7 EHEENRANENBRSIL TN =) LT
LD Hol-, ZOX D RAEENAECDHERE LT, EiAkR HE O8]
M7 EECA N I ANE 2 HND, WTUCER, 2oL s> e=a—iF
FEIZBWT /A XE LTHERT AR m <, EZ T —-KRéloT
WhHEEZLILD,

F* 4.6 EEr 2 I1I2B\WT MTL-Basic DADBIER L 727 — &

1Efi7 STL MTL-Basic | L E 2 —X
BE HHAT BIE HELEY O b T Lz, —DOfE

IRONY T LIRRICHHRREKCTLE
I ANA 7 TEBET LD

LRE W ST BE JEEEHO LTTH, HHNET— A
EMEZITT bW OTEBKRLWE B
LREFIZLTEHLY, Hon< OEHED,
TR BZTICH L D B LT

HIE LRE HIE —IMFEEEES - EEVWET, RIGE

TS HF L A= DRI LE LD, I X
A b= R RAYGIZE LA -2 T

R AT EB21IcBWTSTL OARERL 27— X

1EfiR STL MTL-Basic | L E =2—3C

o E o E SRRV LTINS ERDENWTHREDRH D £77,

HIiE HIiE o E BN AZ YT 2T ROIFRE, Lrbi
HOMIZ=2— )L FI— BN TTETUL
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£ 48 EBR2ICBWTWINOARERTH BT — R

1Efi7 STL MTL-Basic | L E 2 —X
HNT BE BE AREEDT T TLEN, TR AR

<] & Wo R U CRGE LB TR I S
DEHEATLE, FIBITMmoN=b. . B
LW EWE v E4,

4.4 ABSA B Tt E 23— /XA THOERKER

AT, BHECKT 2EE T OT —2 Y & LTABSA & 7 & a—3
A W2 EZBRFERICOWTHET 5, 4. 1 HiTHl 722, 4. 3 HiDoFERR &1
B0 BN T REAE T D, AEBRCIX, STL, MTL-Basic, MTL-Shared, MTL-
Refined ® 4 SDOET N E LT D, =, FlT — & @z (2K [1/2) 11/4]

[1/10) & L7c L X DOFERZITH, BRICERT 27—y FELUTFICEED
Do
® STL: A-ABSA-ALL, A-ABSA-1/2, A-ABSA-1/4, A-ABSA-1/10 DT>
® MIL-Basic: XEEMFICHTDIEESHOT—F &y F& LT D-RD-

Balanced %, J&MEIZH AT OT —Z &~ b & LT A-ABSA-ALL, A-
ABSA-1/2, A-ABSA-1/4, A-ABSA-1/10 W% AV 5,
® MTL-Shard: MTL-Basic &R U,
® \MIL-Refined: XHF &I T 2EHE O OFT —¥ > h& LT DRD-
Filtering & @M 2T OT — 2 » & LT A-ABSA-ALL, A-
ABSA-1/2, A-ABSA-1/4, A-ABSA-1/10 W% AV 5,
FERE R A2 4.9, 4.10, 4. 11, 4. 1217, T DHORIZIIT 2NN OEE
[IAHERED STL & DEE R, ZASLDRTITEESIH D F DO~ 7 0%
TN, FAEZHET 2B CHEE LRE & R E2 M6 A 2B 5% A2,
A3, A4, AT,

FTRTORT — X ZHNVIZRR(ER 4.9) T, Y I NI 272827
IVIRERINCEWERRZ R L, ~ AT Z A7 I X DRI A S e
Mofo, BRZ ISt R T A= 4] EVolBETIEY IV F X7 28
THADPERbEWIERELFSK LT, —HOBMETYLVTFZ A7 FEHET VN L
[E5HDD, FDFEST1I~2 KA MARICEE D AERLEL TS VE,
Y EMRRE T L N B X 7130.814, v LF X A7 (F0.815 &1
ERSETHY . ETNLHOMRELIIS DT THD,

WIZ, BT — & & 1/10 IT KB S B 72528k (K 4. 12) Tl vV FZ X
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7 ERETIVOAMENBE BN, (ST Tz T8g) NRE) —v
AT A=ZT 4] ICOWTINATZRATERET VN TIVE R EE]ET
N EEIY . 2T BED S B 6 BIEICOW T T & 27 2R OISR
ST, EHIEMETEH, Y7 NVFAZ130.720 THHDITX L, v /LF X A
7 %85 )L MTL-Basic (X 0.750 & 3 ARA > ML EDZEEZR LTZ, 6Dk
RITIRY V—RABRE CO~ VT X A7 ZEOHPEIZ T T D,

—Ji. T — 2 & 1/2 X0 1/4 \CHI L 72 28R (3R 4. 10 0 4. 11) TlE, £7 L
MOMEREZEITBIEZ L DXL XN KRE L, 2R ES T CIE oo T,
B2, R < TR EWVo BT AT X A7 FZEET LR
RSB THDL S, N X TR RETVLOSHITRY O 5 BIETIE
VT NEATFERET AN LG Dol ZIUIKRBIED T ¥ A NEFH
RFFERBLOBEWCER T B2 b5,

MTL-Shared IZ. T — & DN+ H D550 (354.9) TiE STL B L OMIL-
Basic & [AISEDIEMERZ 3 — )7 T, AT — & Z B L 72 56 T TIdadaiz
PRENARLZETH o7z, FRHIE 4.11 BIOFE 4. 12 1IZBW T, WO D)E
T STL ° MTL-Basic % FRIDFER L7220 | SFHIEMRELMET L LY O0H
XAV g

MTL-Refined {Z. MTL-Basic & bbifig U C H XL » 728G O BIX R S 30720
ST, AT — X &% 1/10 I2 L72F 4. 12 TIHEMEIZ X - T STL 2Rk
EEZ =2 (SLH, FEZRE) bH Y| T —F DT 4 v Z Y I XD A
BiZ A7 kD 7 4 A SN R D —EREH T2 B2 b D,

PLEDORER XD, ~vF & X758 E7 L MTL-Basic 35 & O MTL-Refined |
BRI T — 2 BN D IR B W THERER RICH 592 Z LN &z,
AT —Z DENENIEEDNIE L IV Z 27 2B TH DT T L
PGB ND DORREEIE 5 TIE e WA, REBROFERITSHOIKRY V— RBREE
IZBIT DEEITET VORFOREICEERRIBEEX 20 EE 2 bN5,
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& 49ABSA 2 /& a— 2R ZHWERESMITOEBRER GiET—28=

£C)
no HH STL MTL-Basic MTL-Shared | MTL-Refined
1 i) 0.842 0.824 0.812 0.825
(-0.018) (-0.03) (-0.017)
2 = 0.793 0.813 0.790 0.802
(+0.02) (-0.003) (+0.009)
3 HHE 0.814 0.820 0.791 0.789
(+0.006) (-0.023) (-0.025)
4 oy 0.820 0.815 0.824 0.817
(-0.005) (+0.004) (-0.003)
5 BE 0.843 0.846 0.835 0.828
(+0.003) (-0.008) (-0.015)
6 P—EZ  |0.807 0.823 0.816 0.805
(+0.016) (+0.009) (-0.002)
7 TA=F 4 |0.802 0.786 0.785 0.788
(-0.016) (-0.017) (-0.014)
g 0.814 0.815 0.810 0.812
(+0.001) (-0.004) (-0.002)
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=1/2)
no HH STL MTL-Basic MTL-Shared | MTL-Refined
1 S Hb 0.811 0.807 0.813 0.802
(-0.004) (+0.002) (-0.009)
2 Hh = 0.775 0.799 0.788 0.786
(+0.024) (+0.013) (+0.011)
3 HHE 0.800 0.821 0.824 0.821
(+0.021) (+0.024) (+0.021)
4 oy 0.800 0.794 0.797 0.822
(-0.006) (-0.003) (+0.022)
5 A 0.815 0.818 0.790 0.817
(+0.003) (-0.025) (+0.002)
6 P—EZ  |0.799 0.802 0.762 0.771
(+0.003) (-0.037) (-0.028)
7 TA=T 4 {0.778 0.773 0.772 0.763
(-0.005) (-0.006) (-0.015)
g 0.799 0.799 0.790 0.793
(+0.000) (-0.009) (-0.006)
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% 411 ABSA 2 7 ff & o — <2 2 W EEMT O EBER @ik — 28

=1/4)
no HH STL MTL-Basic MTL-Shared | MTL-Refined
1 i) 0.785 0.757 0.747 0.757
(-0.028) (-0.038) (-0.028)
2 e 0.741 0.770 0.777 0.756
(+0.029) (+0.036) (+0.015)
3 HHE 0.792 0.807 0.802 0.809
(+0.015) (+0.010) (+0.017)
4 oy 0.765 0.786 0.786 0.814
(+0.021) (+0.021) (+0.049)
5 A 0.782 0.768 0.735 0.773
(-0.014) (-0.047) (-0.009)
6 - x| 0.771 0.770 0.752 0.753
(-0.001) (-0.019) (-0.018)
7 TA=T 4 ]0.736 0.748 0.757 0.727
(+0.012) (+0.021) (-0.009)
g 0.770 0.770 0.758 0.773
(£0.000) (-0.012) (+0.003)
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# 4.12 ABSA 2 7 ffE a— "2 ZHWEBRESTOEBRER GlT—%8
=1/10)

no HH STL MTL-Basic MTL-Shared | MTL-Refined
1 i) 0.716 0.764 0.698 0.773
(+0.048) (-0.018) (+0.057)
2 Hh = 0.727 0.787 0.763 0.769
(+0.060) (+0.036) (+0.042)
3 HHE 0.760 0.780 0.757 0.734
(+0.020) (-0.003) (-0.026)
4 oy 0.749 0.741 0.729 0.719
(-0.008) (-0.020) (-0.030)
5 A 0.745 0.770 0.745 0.766
(+0.025) (0.0) (+0.021)
6 - x| 0.722 0.746 0.743 0.739
(+0.024) (+0.021) (+0.017)
7 TA=T 4 |0.676 0.713 0.672 0.690
(+0.037) (-0.004) (+0.014)
g 0.720 0.750 0.728 0.742
(+0.030) (+0.008) (+0.022)

T, FEBOI Ry 7B e Lz &, BIEOITE T L OMGEET — £
N T BIEER - FIEXRED X S ICET 202~ 7, X4.1 LK 4213,
znFh, 2ToIlET — £ (A-ABSA-ALL)Z v 72 & 2 D [FfRR, FEDZ
ftERLTCW2, M43 X442, 2nZh, T —28% 1/10icL &
Z(A-ABSA-1/10) D IEf##, FEOZEEZ/RL T3,

T, K41 K42 D8ER» S, +oRIlT — 2 BFET 54T T
X, TRy 7P 1 THEMREL FEREL, TRy 7B8EHECLTDAKEL
WET L LiEhdrotz, TRy Z7HICEWT, YV IIALRRIFHEET L
DIM2NF RZRRA7EEHET VLY HIEMREL FEREVD, ZOEITZENIZ
CHHE Tl o7,

—J. AT — 2 &% 1/10 I L 725X 4.3 - M 4.4)Tlk, v I V2R
FEE T OFHEREEICIRNIES K & RO NAHORNREMNEDHER S iz,
WHBIIC= A F 2 R 7 EETVEDHR Y 7B 2 3100 TR E 2%
FELTHELTWZ, 2niE, fiBIZ 22700 0EHRE2IEHT2 2 L TREL
ETNFEPEBHCECnwE20EZONS, I, MAatAT—% % v
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MCxt 3 2 IEAERITRAEAICHE TV CREREZ IR 072D, TA T —X
£y FZBWTRIAF RRAZYEEETADTHBE—H L CEWIEMRELEZ R L

2o TUHLDFERIZ, wATF XA IEEPERE A7 OFERIEAEZE L CET
NDOPULTEREZ E® T3 & FFICT — Z 28R 6 N 72 BB I 35 TR I (@)

LT EZBRBLTWD,

Multi-task Accuracy (ABSA)
—&— Single-task Accuracy
0.9
s — =

> 08r "
[
e
=
o
o
<07

0.6

0.5 1 2 3 4 5 6 7

Epoch

M 4.1 =8y 7T 2EET — % OEREOHRE FIfT — 42 B=27)

F1 Score
o o
(=] o

o
S

O
o

Multi-task F1 Score (ABSA)
—&— Single-task F1 Score

0.5

1

2 3 4 5 6 7
Epoch

K 4.2 =8y 7B T 3HEE T — 4 D FEo#E Flgs—s28=27)

e
S
S

Accuracy

—-—

Multi-task Accuracy (Task1) —_—
Single-task Accuracy

1.0

15 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Epoch

M 4.3 =8y 78icd 2REET — 2 DEBROHBE (JlgEs— 28=1/10)
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0.76
Multi-tas| k F1 Score (Task1)

—#— Single-task F1 Score
0.74 -

==

0.72
® 0.70
o}
¥ 0.68
0.66
0.64

0.62

1.0 15 2.0 2.5 3.0

Epoch

X 4.4 TRy Z2EIcNT 3KEET — 2 0 FlEo#RE (FlgEsT— 28=1/10)

3.5 4.0 4.5 5.0

4.5 Z=HI5HT
ARE T % ORAEHIE DFH 2 547 % = & TREFIEOETF L OR AR

RMER ST D, FHDATIN D, T — 2 &% 1/10 12 L7 FEERiRE
IZRBWT, 4 DO FEET VN IE LUVERIE Z2 T C & 7= 515 (EfEE) % Mk =

ANOVIRICHRAR T2, 34,13 1%, 7,000 DT A T — X & W= EERIZEB W T,
Rt SN LI ETT AN EDOREELX L TCWEnZd i L2 D Th 5,
ZD 1,000 tFOT A NT—ZIX T OOKENME L, HE. Y&, #R, JA,
P—E R, TA=T 1) OV TG 1,000 FFomH L TER LEZ, 2F0

[ & LT,

FoTRELEMRD LN

WTE D,

(BE] 2 [T & Wvo P2t T ~UZ 54 5 BN T T VI

# 4.13 =T L0 S LB FREGE T — 2 8=1/10)

VA Y% STL MTL-Basic MTL-Shared MTL-Refined
HE 1365 1438 12 1358

ZERVA 1720 1795 230 1830

HE 2010 2068 2058 2002
FTUNE A FEEETILSTLIE, BE - FI - HEEOWTH DT~
IZBWTH —TEOEEKZTEHELTBY., Il —2%% 1/10 125 L ThH

TN AR HEREE N 22 CWA Z ENHERTE S, 2PN T~ T

I%X. MTL-Basic <° MTL-Refined & b _RTRORCIEEREE DDV /o TWNV A,
AR I~ )V F 2 A7 ZE 25 )L MTL-Basic 1% 4 DDET /LD CTIEfEE D
BB L ENo T2, FRICEESRHN T VO IEfENBAFE IS, 2T
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B2 A7 OYNRMEHZ FEHOWMB TRV AL Z LICXY, LE2—3TH
HEN TV D EROMMEZHER T 2Rt Il EE2X N5, FE
DORNET ~NV DB ZETRHILLT W E WS T2 T AT R BN, HiE, Pir,
BEDOWTNORELFETCEI WD EBXZOND, T, 7T — P00
LIRNETE T ~MZBWTH, #iBh¥ 27 oFEA e STl Y, AR
< VT X R R OR|HPHER TE 7=,

g &2 G4 5~ F & 2 7 % £ 5 )L MTL-Shared Tl, /15 ~LvD
SRR R 0 A3 A LTz, BARRYIZIL, HIE T VO IEMAEIL 7 v
B 2B ET )L STL & H_ThTh &<ﬁot*ﬁ\§ﬁ3NWﬁE%@
ﬁwﬁi¢i§~wmﬁmﬁﬁizm#k RIS Uiz, 2D X 9 7%

E, EEBICL 2RI OBREZ—IENRKTHD EEXLND, BoHEA
kiof AR s A7 [EH Th o T FEBEIN KDL, LOEEREHEBIL
RTWEIE 7 ~VUIZIm RN e b S V2 rTREME D | AR R, vw%&x
7 BB DBOIENEICADEITRE 72N EERIELTWD, RRHC
UL AR D DT 235E 121, oA iofk_rb#k%<ﬁﬁ
PNDHIV AT BDD, 5k, BOLFITEEL TX. Z X7 OFAEF OFRHEEBLN
D F AT DFPIZEL > TERDLOND Z & 2T HKEC. X A7 BEORH#ER
BOBRRMIEFOBANR ENLEIIRS EE2 605,

T —2 DT 4 NVE ) T H{To Tz~ VT X AT E T )L MTL-Refined
TiX, FYTNNVDOERIEPRBE < BEBLOEHE T VO EREH
RN Ule, N7 VTR EAG RBLD Z ENRN L E 2 — TEE LB
MHFFOIIZHN Y B THRRT WA, BENER EBENEROM G %25 AT
[FRNT) DTN EESNTZFRNR T 4 &) o T2 L > CHIBRS =2 &
L;D\_@;oﬁi%E%’F¢4Jk THETELE ) IcholctBZBx BN

o — . BEY TARKEEY 7 ADIEMBITY T2 A7 2285 )1 STL
kwmfk%ﬁﬁmi@w EMD, T =2 D7 4 VE2 ) U TIEEERT
EDOFEFIOBFNCKRERFEE G252 L7, FYXOFEFOSFOFHFE L
M L322 N TE,

FilEEE 2T, AR EH s, PEEEE T AT X R

BHETIWVIIBERH O EMBRRELL P L Enb el v
TNE A B E T (STL) « AR~ LF & & 7238 E5 0 (MTL-Basic) *
T =2 D7 4 VBV T EfTolo< VT X A7 58 ET )L (MTL-Refined)
D3IETMIZHLTITI. LR TIE, 2THD 3 DDOEFET ML D THIN—E
L7aWHEFIZ o L, ~ VT X A7 ZEOREE RS EBET D,

(1) MTL-Basic & MTL-Refined 23 1EMi# L. STL WARIEfETH D 7r— A
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KA UIT 2O NTFZRAIFHRETANGEEETRHL T NE R

FEHETNOHDPES THET N E TR LIEEFHTH D, BT 57
KHENELTHD b0, HEMERDBHEENIORINTND LD 2R %
VW, T2 zIE, TRy ROBELHLEN-7-TT (EE)] &V o 72Ense=e,
[TIEANRBO LWL IHFEX LEELIZEZ A (R)] OX D 72303
HRBIOREN TV DS DI TidRy, b0 —A T, ~ IV F X A7 58
WZXk o THIBh X 2 7 OEREZFIRTHZ L2k, BRI Z BT 26
NEEL7EEEZ LD,

F72, STL OHBPBET N EHE LR TTH LIz —ATIL, EREND
RN R ) TPRRONISCTy Y LELE (P—ER)] T 94
L...»bUXEEWE L (F—EvR)) L, Wl BERHNL AL
Nl BET KT B30 HED 7 — R L FIREIC, STL TIXBBE/ R R B2
ZENRholotEZOND,
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£ 414 2FBEOLFRRAIZEFHETALDLDFHENRIEL WL E 2 —LDH|

LE=2—3 B Efi#Z ~)L, | STL
MTL-Basic,
MTL-Refined

Ny ROELHE BT, BB HiE

ol | T
|

Y LT nefEsA TR usE |48 HIE
IXZIEARBW LW SaRE | &G
LickZ A, EobEK CRER)
DZEEEEEbNTLESTZLST
ZHHLDFWERENS T LRI
oTRMEELE (B) BXbE
BRLWTH 23, BFARERLND
MHIFE, EWVWH ZEEASHETTN

PRl ThEEd,

MPWIZIEI =AMy 7B H 0 F N HE HIE LRE
7

AT RS, BHElLERR LRSS | R LRE HIE
B LTHEEE LA, RICEHE

N B,

HRATOSL Y Loz T | —E X | HE HIE
BT bbb nWaEET T

YTLEDN, FELRENRNG
DIZHHFEHRNET LA F— L7

WO TIEBIESLLAENAZ T D

55 % SN DI TR DT AT >

BV LE LK,

AL T 5D LA 2 KB Y P—b R | HiE HIE

WL EENE LT,

(2) MTL-Basic DA DNIEfE L T2/ — A

FK A 15 1L STL R THE 7 VA EE & THIL72H T, MIL-Basic D&HA
BEETHILERL TCOWAHEZRLTWS, ZNAHDLE2—XTik, B
KT LFHEDRIREN TS OO, EHOEMEIZK L TORMIAFAEL TV
HTENB, TEEXIE T U—8KELSD L BREITEWRRD G
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(B=) 1 Xz, HEMRMENEENTHNTH, [HW ] &0 BEM R
FFICEEINTHEEE THILIEEE 2 b5,

SOHICHBET NNV EHELRS TTFHILIEr—ATiE, THEK OO0
SRS, IR (RS ) S o m X oIl BEMREBEROBICEER
BRMEL ZENEhotz, ZO LT, BIECKT 56 ERHE2 X ORI
HORPLL, SCRTHOBHEICHT I EENRERZIBRXTWDHESE, =—
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A, EERIER DM

4. 3B TR ARIZHR N T T—H 2y M EHAWEERICEBW T, HE - 7.
BEDOY TN ERIBHET 2R EDERER L 4.4 1R L=, FEEHOME
FCEE U L AR A L ISR T. £ 4.4 OTRRE P FET 5,

#Fz A1 F44 OEBER O

STL MTL-Basic
RVA: i IR 0. 538 0. 547
F i 0.52 0. 529
5 B 0. 52 0. 543
ERCTRS 0. 538 0. 547
BB IR 0. 663 0. 649
F i 0. 66 0. 648
5 B 0. 661 0. 647
ERCTRS 0. 663 0. 649
B IR 0. 636 0. 67
F i 0. 64 0. 672
5 B 0. 678 0. 675
ERCTRS 0. 636 0. 67
w5 IR 0.613 0.611
F i 0.611 0.611
5 g 0.613 0.611
ERCTRS 0.613 0.611
H—b =z IEfR=R 0. 674 0. 678
F i 0. 672 0.671
5 B 0.674 0.67
ERCTRS 0. 674 0.678
TA=T 4 IR 0. 538 0. 566
F i 0. 56 0. 549
5 B 0. 571 0. 549
ERCTRS 0. 555 0. 566

4.4 BTk _7= ABSA # 7 & a2 — RR 2 HWT=FEBRIZBWT, T —2 &
o T2R) T1/2) T1/4) T1/10) 1T L7 & 2O ERFERAE 4.9, 4. 10, 4. 11,
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412 1 CFNEHR LT, FEBEE O CHE LI KBE & BHRAZ £ A 2,A. 3,
A4, ASIZENTIURT, TTORICHEIT LI EMRE FHELEET 5,
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£ A2 F49 OEBEROFHMEIET — 2 B=27)

STL MTL-Basic MTL-Shared | MTL-Refined
RV i IEf#ESR | 0. 842 0.824 0.812 0.825
F i 0. 823 0. 800 0.773 0.788
FEHE | 0.815 0. 799 0.772 0.793
FELER | 0. 833 0. 802 0.773 0. 786
BB EfRESRE | 0.793 0.813 0. 790 0. 802
F i 0.795 0. 812 0. 790 0. 801
FERE ] 0.797 0. 814 0. 792 0. 804
FELE | 0.800 0.815 0. 795 0.815
1 Ef#EE | 0. 814 0. 820 0.791 0. 789
F i 0.812 0.818 0. 787 0.785
FEEE ] 0.815 0. 821 0.795 0. 799
FELER | 0.819 0.824 0.795 0. 796
A £ IEf#ESR | 0. 820 0. 815 0.824 0. 817
F i 0. 808 0. 809 0. 812 0. 806
FEEE | 0.812 0. 805 0. 820 0. 823
FELZ | 0.804 0.818 0. 806 0. 794
w IEfRSE | 0. 843 0. 846 0. 835 0. 828
F i 0. 840 0. 844 0.833 0. 826
FEEE | 0.838 0. 841 0. 834 0. 827
FFELER | 0.843 0. 848 0. 831 0. 825
H—E R EME=R | 0. 807 0. 823 0.816 0. 805
F i 0. 807 0. 821 0.813 0. 803
FEEE | 0.808 0. 823 0.816 0. 805
FELER | 0. 807 0. 823 0. 816 0. 805
T A=T 4 | IEfEFE | 0. 802 0. 786 0. 785 0. 788
F i 0. 801 0. 781 0. 784 0. 787
FEEE | 0.801 0. 789 0. 790 0. 794
FFELER | 0. 802 0. 786 0. 785 0. 788
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£ A3 K410 DEBRBEROFMGEIET — 2 E=1/2)

STL MTL-Basic MTL-Shared | MTL-Refined
RV i IEf#=R | 0. 811 0.807 0.813 0.802
F i 0.777 0.770 0. 791 0. 766
FEEE 0,772 0. 749 0.774 0. 747
FELER | 0. 787 0. 810 0.814 0. 800
= EfRSR | 0.775 0. 799 0.788 0. 786
F i 0.772 0. 798 0. 790 0.788
FERE 1 0.776 0. 799 0. 794 0.795
BHLE 0,791 0. 809 0. 795 0. 791
1 EfESE | 0. 800 0.821 0.824 0.821
F i 0. 800 0. 820 0. 823 0. 820
FEEE | 0.798 0.819 0. 823 0.819
FELER | 0. 806 0. 824 0. 828 0.821
o= EfESE | 0. 800 0. 794 0. 797 0. 822
F i 0.793 0. 790 0. 791 0. 814
FEEE | 0.788 0. 784 0.783 0. 807
FELER | 0. 808 0. 806 0. 814 0.824
w5 EfRZE | 0.815 0. 818 0. 790 0. 817
F i 0.816 0.816 0. 786 0. 817
FEEE | 0.818 0.811 0.785 0. 819
FELER | 0.818 0. 825 0. 801 0. 827
H—E R EME=R 0. 799 0. 802 0. 762 0.771
F i 0. 799 0. 601 0. 762 0.579
FEEE | 0.801 0. 602 0.763 0. 582
FELER | 0. 799 0. 601 0. 762 0.578
TA=T 4 | IEfESE 0,778 0.773 0.772 0. 763
F i 0.776 0.770 0. 769 0.763
FEE 10,779 0.772 0.773 0.763
FELER | 0.778 0.773 0.772 0. 763
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£ A4 £ 4.11 DEBREE DM

T — &2 B=1/4)

STL MTL-Basic MTL-Shared | MTL-Refined
RV i IEfi#3E | 0. 785 0. 757 0. 747 0. 757
F i 0. 752 0.715 0. 704 0.712
FEEE | 0.732 0. 702 0. 697 0. 700
FELER | 0. 814 0. 782 0.791 0.773
= EfRESR | 0. 741 0.770 0.777 0. 756
F i 0. 740 0.773 0.779 0. 756
FERE | 0. 745 0.772 0.778 0. 759
BHLE | 0.761 0.775 0. 784 0. 762
1 EfRSE | 0. 792 0. 807 0. 802 0. 809
F i 0. 790 0. 806 0. 799 0. 807
FEEE 0,791 0. 804 0. 803 0.811
FELER | 0. 799 0. 808 0. 796 0. 805
o= Ef#E | 0. 765 0. 786 0. 786 0.814
F i 0. 755 0.778 0.779 0. 808
FEEE | 0.760 0.778 0.773 0. 801
FELER | 0.779 0.779 0. 801 0. 821
w5 IEf#SR | 0. 782 0. 768 0.735 0.773
F i 0.778 0.763 0.734 0.771
FEEE 1 0.774 0. 766 0. 731 0.770
FELER | 0.791 0. 783 0. 754 0. 792
H—E R IEfE=R 10,771 0. 770 0. 752 0. 753
F i 0. 769 0. 767 0. 741 0. 751
FEEE 0,772 0.770 0. 754 0. 751
FELER | 0.771 0. 770 0. 752 0.753
T A=T 4 | IEfE# | 0.736 0. 748 0. 757 0.727
F i 0.729 0. 749 0. 753 0. 726
FEEE 1 0.739 0. 755 0. 759 0.727
FELER | 0. 736 0. 748 0. 757 0. 727
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#F A5 £ 412 0EBEROFMEIET — % B=1/10)

STL MTL-Basic MTL-Shared | MTL-Refined
RV i IEf#SR | 0.716 0. 764 0. 698 0.773
F i 0.674 0.721 0. 651 0. 731
FEEE | 0.668 0.703 0. 651 0.717
FELER | 0.763 0. 781 0.733 0. 762
= EfRSR | 0. 727 0. 787 0.763 0. 769
F i 0.729 0. 788 0. 765 0.771
FEEE 1 0.730 0. 786 0. 767 0.776
BELE | 0. 747 0. 798 0.779 0.778
1 EfRSR | 0. 760 0. 780 0. 757 0. 734
F i 0. 756 0.777 0. 753 0.732
FEEE | 0.759 0. 780 0. 753 0.743
FELER | 0. 756 0. 786 0. 757 0. 747
o IEf#ESR | 0. 749 0. 741 0.729 0.719
F i 0. 741 0.733 0. 720 0. 700
FEEE 1 0.735 0. 743 0.718 0. 726
FELER | 0. 760 0. 762 0. 744 0. 697
w5 IEfRSE | 0. 745 0. 770 0. 745 0. 766
F i 0. 741 0. 769 0. 746 0. 764
FEEE 1 0.738 0. 767 0. 756 0. 767
FELER | 0. 750 0.779 0. 758 0.775
H—E R EME=R | 0. 722 0. 746 0. 743 0.739
F i 0.723 0. 741 0.739 0. 737
FEEE 0,724 0. 751 0. 741 0. 746
FELER | 0. 722 0. 746 0. 743 0. 739
T A=T 4 | IEfE# | 0.676 0.713 0.672 0. 690
F i 0.672 0.714 0.673 0. 689
FEEE | 0.670 0.717 0.676 0. 689
FELER | 0.676 0.713 0.672 0. 690
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