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Abstract Text augmentation techniques have been widely recognized for their ability to
significantly enhance the performance of sentiment classification tasks. particularly when dealing
with imbalanced datasets. However, when generating short text data for the minority class during
text augmentation, it can result in overlapping emotions across different categories if the generated
data fails to capture the complete semantic features of sentiment. To better understand and
represent the emotional features of minority classes, this study introduces a third-order semantic
graph data augmentation method specifically designed for imbalanced text sentiment multi-
classification. The proposed method is based on the construction of a third-order semantic graph
that models complex relationships between multiple words within short texts. The proposed
method allows for the representation of a wide range of local sentiment semantics and is able to
capture the dependencies between word nodes, offering a more nuanced understanding of
emotional context in minority classes. By leveraging this intricate relational model, the third-
order semantic graph enables a more comprehensive representation of sentiment, ensuring that the
emotional characteristics of minority classes are more accurately reflected in the generated data.
Once the third-order semantic graph is constructed, a data augmentation method based on this
graph is applied to balance the distribution of sentiment categories in multi-class text datasets.
This approach is designated to address the shortcomings of traditional text augmentation methods
that often introduce noise and fail to adequately represent minority class sentiments by ensuring
that the generated text data can capture the essential emotional features of the minority class, thus
leading to improved classification performance across imbalanced datasets. Compared with
traditional text augmentation methods, the proposed method in this paper can improve the
minority evaluation indicators F,-measure and F,-measure by 5.75% and 9. 65% . respectively.,
and the G-means value of balanced emotion recognition ability by 2.91% on the unbalanced
Indonesian dataset. On the unbalanced Malay dataset, the proposed method also increases the
minority evaluation indicators F;-measure and Fs-measure by 2.45% and 4. 81% . respectively.,
and the G-means value of balanced emotion recognition ability by 1. 24%. In addition, compared
with existing sentiment classification models based on short text augmentation oversampling
models, traditional machine learning methods and deep network models, the proposed method
achieves the highest Accuracy values on the publicly available imbalanced short text datasets in
Indonesian, Malay, English, and Chinese. The experimental results also demonstrate that the
proposed method provides a comprehensive and effective solution to the challenges posed by
imbalanced sentiment classification. By integrating third-order semantic graph structures across
different modalities, the proposed method effectively captures local emotional semantics and word
dependencies. This not only improves the representation of minority class emotions but also
significantly reduces the risk of introducing noise during data augmentation. In addition,
traditional oversampling methods often introduce errors that can degrade classification
performance, whereas the proposed method avoids these pitfalls by leveraging the detailed
relational structure of the semantic graph. As a result, it can also achieve better multi-class

classification performance on imbalanced short text sentiment classification tasks.

Keywords third-order semantic graphs; text augmentation; balancing strategies; short text

sentiment classification; motif
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1 DU B =B S 2 A AT BRI (3) A 1
PR AR A v [] B A7 A B ) 00 R X m) 34, D) = B i S
P 4548 v i A 300 A 7 T PR AN AR . B fa] 0 B X ]
138 H AN LA TR AR SCAS 22 8] Y SRy A i S
(AT LAAE — R L S AN [ AR B 1 R SCalos Ry
PRI ROOCICE . eAh  FE = B R A T 2k L AT
] ORS7 3] e CRISEAT 55 A a0 AR 1 3] 9 50
SRR 3 F2 22 1 S b e il = B i ST
5 BE S [RIEF REAIR = By SCRIYE T 1 5 22
3.3 =MIENEHEESEiE

A ) SCARE T 7 iR 2 5 5 | B o g
Bt L T Re A2 =2 1A B 2 AR AR RN B

c Wy, — Sl (D

==
):EI

I s Luque i 38 Ak 27 > vh (19238 SURUVRL 3R R T
PR SCAR A2 S ™ 1)~V A8 S s LA A= s ) o S AR
it 2] DAAE— e AR B E A 0 A SO Y
RS SCAS AL DR ETE A A 0 1B P (EF T4 v
SCAS 1 BRI BE ST R A — e BRI . sl o
SCAKE T 3 A b TU 4 M P B 10 7 A i — 2D 4R T
DR R B O RE 7 A SCHR ) — R e T =
Wi SCIEIRICHR A 8 T 8, DA DRl SCA Bl vh A7
TERI AP 0] . %07 N2 A~ = R 1) £ 2
A A B 22 10 Ry AR SR SURFIE Y D B REAS
B G SCARAE U T OR TR 2 s AR SCHER =
W T SCIRTEICHE 52 SCHE ™ 5 120 32 i 580 4 R S
Bedfi ik — i b, U AR [ 1 B 25 2 il i
SCAEAE AR vh Az i = B i SCIEI 5 44 1 38 BCHs » AN
BN SR . =B SO A8 SUHE T A L
SCA I AN 2 T8 o ] B 1) 52 075 ) 1) o T 2 7 255 T
AN TR ) 7 MO A 17 SR S22 S 1 o DT
B A ORI 4 e 75 )

TR 6 Fir 7S, AR SO AT BRI IS 155 SRR 25 1 N
JE 55 LA “T1: Taman anda sangat indah anda luar
biasa” fl “T2: Anjing itu sangat lucu dan itu kucing
suka bermain bola” , 4 HE B SCA H 1) 5 J5 TP % 1) 1
FEHATIR S S BOBAR M T A =B i LRI E
5 GV (s) F GO () (15 G L7 18] 25 4 5 AE
(P 6Ca)) SR R de/INEI 25 73l (P 6 Ch)) Al
TEB DT EC (JE 6 (o) FTIEL 6 (d)) 2 Y 5 A5
AN TR BE AR TR 7 = B 1 SR 45 A8 0 S0 A A
T (M) TN T2, (M), DS a0 05 B JRUR h it 7
BER M [ 10 58 B0 GE A5 B FRATTR G 2R
03 06 WA = B iR SO SCAS Bl G (s ) A
G (e) AT Z 0 ik . RSl R vp R i SOAS (i
TR AT RIS AT 5 A IR SR R TR M 1Y)
R AR E A = W i ST v 6T iy Ry s AL
R T WA M T 28 3G ) LA A iU = B i
SCIEIEUE h e % 20 5 T8 22 58 B I I I L F
TR AT R DL FC 1Y 07 3 J 20 50 3ol %o - il
JRHGP (sHFN G (£2), G (e1)F G (52) #4758
ST HE O B = i LR S5 8E G (new, )
G"' (new.). LA G (s1) F1 G (£2) 58 LIG T () 3
6], 16745 1 Gindah, 4) fl(anda, 2)R—4~F4, i
9 5 (kucing» 6) Fll(suka. 7) K7 —"F4 . BiEA
PR IR A7 B IR 9 AR A DG B Y AR
SR 1 B 1 A% X ARBLEE S A AR R AL
DN ) e 30 6 X6 b7 74 T A DR TR P e e — A~ 0
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Tl: Taman anda sangat indah anda luar lucu

<(Taman, 1), (anda, 2), (sangat, 3), (indah, 4),
(anda, 2), (luar, 5), (lucu, 6)>

G“(nem)

~ 5y &

<(Taman, 1), (anda, 2), (sangat, 3), (indah, 4), (anda, 2),
(kucing, 6), (indah, 4), (suka, 7), (bermain, 8), (bola, 9) >

— 5y FE VLA

T2: Anjing itu sangat lucu dan itu kucing suka
bermain bola

<(Anjing, 1), (itu, 2), (sangat, 3), (lucu, 4), (dan, 5),
(itu, 2), (kucing, 6), (suka, 7), (bermain, 8), (bola, 9) >

<(Anjing, 1), (itu, 2), (sangat, 3), (lucu, 4), (dan, 5), (itu, 2},
(lucu, 6), (dan, 5), (luar, 5), (lucy, 6) >

Ti_ (M): Taman anda sangat indah anda
kucing indah kucing suka bermain bola

<(Taman, 1), {anda, 2), (sangat, 3), (indah, 4), (anda, 2),
“(kucing, 5), (indah, 4), (suka, 6), (bermain, 7), (bola, 8) >/

(c)

e

luar lucu

<(Anjing, 1), (itu, 2), (sangat, 3), (lucy, 4), (dan, 5), (itu, 2), |

\
. (lucu, 4), (dan, 5}, (luar, 6), (lucu, 4)>

(d)

FI6 ST =Bl SCET G 5k A iR R 5 51

P DEC [l . FRATT SR KM iR 3R A5 18] 7y i 4R
(indah. 4) . (anda. 2) F11id 77 & 4 (kucing, 6) .
(suka, 7 Z I EAEICELOCR . A B i e 2 /0
1A M PR i B B3, DD AR 2 1 2 LA K
). WAL 6 (o) FEL6(dD) Bz, 382k 43 fife A 20 09
A I 15 BIBLAR M T 1 — B SR 4544 %L
it G (new,) Fl G (new ), W A= UG R A4 4861 SC AR
BHE “T1,..(M;5): Taman anda sangat indah anda
indah  kucing

kucing suka bermain bola” Fl

“T2,..(M5): Anjing itu sangat lucu dan itu lucu dan
luar Tucu” . FHAR$f 18 ) SCAS X B 1 6] 19 057 5 1)

S SCAS B S I NG 43 0 6k 3] e B 2R AT EE R bR
L T B R AR S AR T E 2 Y T )
o B YR BRI M XA, W 6 Cod v, FE R A
B 7 4 4E (kucing, 6) B JEAl [, 25 B0 7 5 4R
(indah, 4) . (kucing, 6) . (suka, 7) 2 [H]7#5 AR M.
M8 O Z . HBBSR 1A 1Y s 4 (indah, 38 )7 s 4k
(suka, 7)Z[EIAIEFR  AREZ T 4L (suka, IR
] 9 A5U4E (indah, DBYFOCH . A FEE 6(d) iy
I S GO (new.) £ TE T & 1Y 1) 45 A lucu”
(GO ()T R4 5 GV (s, )T £16) , It
o L6 A TR Y R T IR ERAE L R A [ A



2750 it A

Pl

L
&

Eitd 2024 4F:

AT SR FH i FVER 4 B 7 9 A8 G T AT DA A
() = B v S s IS A 4 o0 B ) SR A R
FEAE .
Hik1. Pl X EEdER) AR
B 2R =B iE CE 254 SR 4 Data = (G (D) |
I<i<IN} , BRI EEY = {y| 1<i<m) ,
RS 80
B OB = BiE R 25 R R S NewData
1. $ B BB Z 4R Y I A4 B8 48 Data 5 0
m A~ F B IF 5 0 58 i 5 A U 4 Data,
A<tj<<m) WFEAEL n= num( Data; );
- BATEAREN AT r, =

num( Data;)
SR Easa—
> " num(Data,)
=1

[\

for I<\j<im

-~ w

newnum; = o X 2;”:lnum( Data;)— num( Data; );

[@2]

. Tempnum = 03

>

if ;<< p&.& Tempnum << [ newnumj—’

7. BENLA U RI SR s f s, s, c€[1,N s

8. while 1<< A< 1388 574 ¢

9. PEEL= B AR M, R A = s S 2 5 B R R
AKGUHFGH ()5

10. if GP($)7 0 &&. GM(HF#0

11, SRR R 200 = B il L ERIZ5H G () FI G (o oy
AT Z 03 s

12. 43t Ja 1 1 A T 43 PRI DG BC A s 20 38 A g
PN = B i LR G (new D FI G (new,) 5
13. X GP(new ) Fl G (new.) H 10 S ih)3a] 37 5545 il 12
16 IR

14. G*(new)) = s GP(new,) =

15. end if

16. Gy(new,) = {G* (new,)| 1<<k<<13};
17. Gy(new,) ={ G (new,)| 1<<k<<13};
18. if Gy(new,) # ) or Gy (new,) #

19. Data; = Data, G\ (new,)U G\ (new.) ;
20. Tempnum = Tempnum +2 ;

21. end if

22. end while

23. end if

24. NewData =J;- Data,

25. end for

26. return NewData

=B SCEVE SIS ) 5 2 0y BARGE BR and i 1
Ji7R . RS 1 rp IR A PR 86 Data,
= S K B B R A B R BaE 2
NewData. QK5 PR, = B SCEI 2 X T 31 R

I E R AP BL
(O IR B IV 8)i 48 Data 73
m A>T RS Data;, It 52 L5884 Data, ) A-F-

, Data;
eSS R num( Data,) s b num ( Data, ) 4
2}'_":lnum(Dataj)

TR 4L Data; WA S max _num_data A i
K FEAIGEREALL . o 2 H RSN
VA R S F TR T 0 BORCE i B SCAR B
i BUEEE Dara; B9 AF-8 3880 N T A i =B
T SR A5 R S SO BRI R B i 22

(2) 2k HI = Birifs LRI S5 10 28 EG T DA S S
B . AE[F]— DB bR BB 4R Data,
rh, BEAILIE B = [ i S SO i 47 28 LA T
R 0 X Z;LIman( Data;)— num( Data;) 1> =
Birids SCEIEHE . AR iy — B SRR s T A AR
S TR) TS A5 WU B AT 5 O R TSR R
TERLUR N Y OCHR I G R ARFEANAS L &5 T J5 18]35 1
FRAE Ry B 1)1 S PS4 (E . B3 AT LIS 3 13
AR T B = B il SR, B = B SRR 2
B ANTR] ) B Ao SRy 1 SR SCAR R, X IO A 1] e
AELUL ST B A — B0, PRI 3R 19 Ry BB J%
H A ZESR .
3.4 BERSEEBING

R T Rl AN RIS B SCA ) = il I
JBAE B AR SCR H 2 B 22 2 1 N 2k = il
XG5 AE B B 2R, i (2) i

f( GM):Sign(2?;1a"y"2;3:131K(1)

(G, G")+b) (2)

H Gy = GV, G, -+ ,G")  FoRIMKE N =
Brifs LRI GHREA . KY(G, G FE AR M, AR
[] =B i SC IR S5 7 1) s /N s A P A T L ot
AR BT = s SRR A A 2 h R =
B SCERI A BT SA 8. >  BKY(G, GM)
TN FRARTT =B X E G5 {5 B R 2 P il
G EME R AN LY B=1. o, Flb
BRI SE. y, o =Bl SO i XoF 1 A 2 S
KNG RIENIRE: . ASCR 2 BE S A
[T (9 = B SCIEI 28 A8 15 2 Il S5 28] vy 4 25 1] A
HEATRR G s VGRS J SOAS B 17 SRR SR AL 15
B oyesh
3.5 tEE#%

A SCHE B TSGA BERY 115 5 20 B £ %
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AP IR R COFER SR =Bl R R R o 2
1, Seg-BERT ™ il Il i 72 (1) 1] 32 /AN L 1 5 gk 1)
YL DA R R BB R 4G B S AL
&5 T SO B (= i SO 7R 3R] 5 1 ) A K
IR ERE W O(cn+c.). e 5, e, 5
YRt Fe rp AT SRR B O . (2) =Bk LA
R B MTHRE AR O(mk(1y1:7)). m
i BN, kol = IR A ANEL, £ TN L 53900 R
SCAR ) = B i SCIRI 2 08 T0L s, 7 SR Bt . (3)
Z K ¥ SVM o KBl g it B2 2 E R
O(m(Ly 1) Hrp (L, + 1) HEE RS R E
F PR PR AN SCHR B TSGA BRI BT 5 2
BB R O (mk([yl:? )+ mly + mly+cin).

4 LI5S

AATKE TSGA 5 HAME G LA 2% > Ik IR
JIE DR 28 A5 RN DL R SCAR S T 45 07 VA HEAT s s BRI
143 2SR RE I BRI B8 7 - S B 43 B A5 T
AT LB 25 B 40 B B MR A SCHE 1 = s LRI E
P3G T J7 VAR T SCAR NG IR 3 5 In) L i A7
Rk .
4.1 EWESIFMIER

R T BSUERE T =B SRS ) AR R
i Ry 28 IR b i ) ATV S A A A SCHEER e
Wkl U LA SO AN A T AT B AR
AT R SOR Z 3 RS SR . O TSR IE TSGA
FERVLEAR B IRIE 5 J SCA G B 2R 1 g AR Sk
B EP JE i Ferdianald.Solihah™™™ % 45 45 . & & i
Mohd Akid Haziq #4842 “VE A 52 56 50d . X S5
AR BB A AE — 2 AP AP, s SoAC Th
AT BETR AT D A 5 0 1) PR A% 495 1) ) )
R TCVE X SO FEPE S AT R i Ko . ER e i
Ferdianal.Solihah % #i& & & i1 W5 A4~ # AL 4% /N 1Y
Solihah"*' % #i& 4 1l Ferdiana 5045 857 & 315 2 19 .
XA TR Twitter PS50 52 #5821 B JE i B
AH RIS - HERAR 4% /)N . Mohd Akid Haziq %
P EE K B 5 ke 1 B i IR 95 B AH G 1Y 2 FF Twitter
PRIBEE S . Ak, FAT L B BT SemEval2017
B O LA B b S NG E IS BOHE SR VR S S5 8K
#i . Deif SemEval2017 £dli 2 2017 418 G L
FAL 55 A AL 55 A B8R 4R, SOl s S
BRI TR I 2 IS AR A S B 4R . B R

T SR LA B i R B (0 1 TR e B 3 U )
HRPE B I AR A = S TR SO SR L
LR P9 AR AR P 79 b 9 SRR P . AN 8 e SCAR
ERTEIER G E R MR 2 PR .

R2 AFEHEXFHEENFITER

pIEIE S BRI ERY it
Ferdiana&-Solihah
. 2825 3205 5931 11 961
(EpJEiE)
Mohd Akid Haziq
. 1253 5051 2525 8829
(EkitD)
SemEval2017
s 7059 3231 10 342 20 632
(B
WG SRR
7000 3000 10 000
(30

AN 0 SCAR R SRR A3 2 I 50 P YV PR N 3% 3
JIT7R + C o Co Tl Cy 430 7R 17 TS AR 25 R AU A
TR AT ) . B TRV RE B AN SO
TSR AR R RN

2%:1"17
Accuracy =S — (3
ijlzlenif
K3 =HRBREHRRE
Predicted Class

Uiy TH ARy RRERiD]
Bk ny, ny, ny;
True Class THA Y ny ny, My
Ry ny n;, Ny,

M HER 28 Accuracy IFASREHERR [ 02 g
SCAS B IR A SR RE . TR IL , 7E =430 A A S
Ay 2 ) B 3 A T B R A B I T )
e 1 (F —measure) 85 A R 2S5 120 1R 51 e
(G—means). TEA M7 Jd SCANG A 2, X 23—
KK F, —measure P55 N

2Recall, X Precision;

F,— measure= "
measure==p, Il ;1 Precision;
Recall,/= " )
2;':1”’
Precision, — e ©)

@ https://github. com/AkidFhmi/GSTMalaysial218

@  https://download. csdn.  net/download/qq280929090/
9818883

@ https://blog. csdn. net/noter16/article/details/ 75340354
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A Recall, 5 Precision, 73 %)~ C, 2805 B 43 o] R
FOGRESE . R T A AN [ 280 B 2 511 g

I B2 e o3 A B 1 AR PR BE L E M FR AR G-
means K F TE A LA S A M = 2 IEH RR A L
(ORB=P)

R
:

G— means:HfﬂRecall,% 7
4.2 ZIRSHYRE

TEARSC RS, T EEIE ok iE A oA
T D a RS Y SUE B L 7E Seg-Bert Tl 2kt
AR IR A1 5 1) Bert #5758 VSR AR IR 5 5 4
ANFRIE IR A KR . 7 T3 1a] K] 25 44 1) 52 22 Pk 1)
R AR SO TR T 1 SRy 3 A R ST ] T I 1Y) =
Wi SRR A R o DB Y B B 5 & R 3. 7
Z 1% SVM J3 5 AL e AT 47 28 I IE » 3 [mA
A SCAS T IR 2R TR 48, TSGA BRI T iy
HXSHNR 4.

*4 SHERE
i P 7
REAAH B
1Y R B 4

- w w |m

4.3 XPLbLICIE

J T BAUE TSGA 16 A - Ji SCAR 4325 ) @ 1
FIHERE AR SCHEEN R I BRI il LA K b Sk
e 4 TSGA BERL 5 HAh ()15 8% 3 JE M k47
SEYNF L . AT AR 25 AR ) i LA 4

(D SVM™. S Ji SCA #0473 ) 12 3R 5 2k
SVM 52 1 AR 1 I 25 R 4325 . SVM R 8L 52
FMLER 27 > LR, A5 0 SO B BT AT 55 rh LA
Lo SR e

(2)DBN. 5 Jgkin] i 5 ZASHLA% 2% > Jr M
SEA R I B R BRSO I o SO R
TIE s S22 53 F4 1) 5 1 LA 1 Jo SCAR 155 8% 4
F b .

(3)SetConv™". KA G FRHEAE X4~ 28 0
() Jo1 SCAS B R SR OB R IE AR 2, R VN GRS 2%
S 2 et IR THIE B Sk B

(HBILSTM-CNN ““ 1 5 XL LSTM
T AR TE I RN AT 55 » SR 5 B 4 B 28 190 45 Tl XL
] LSTM A 456 0 1% 48 VR B2 27 2 B FH i SO
TR AT 55

(5)C-BERT™. £ XA #E47 BERT [1] & 4]
IR AR EERT I, 51 AT T AR R A AU 55, 32 7
BT R SCCARBARIG T W 5 SR S ISR BE

(6)Seg-BERT™. X 45 SCA ST 48— 1A 24 &
SR SR 5 SR T W B Graph-BER T i 1)1
IR 5 58 B SCAE B AT 55

(DHGAT™. 38 128 Jy 5 B % 1 38 IS H 5 55
FIAS [RIAH AR ) 8 2 B U5 B IF R B
T 2 R 1 7 14 v e SO IR 25 T R

(8)SP-GKL., X SCA E 47 die i [ A4 1) K1
N SR 5 R BE T IR 2 2 W S e 1) e LA 2
SEPRE SCAR 1 IR A 2

(DTU. AR A R RS R

R FH A2 2] U R B SRR 25 - SR 5 12 46 FH 491
F i T B RORAETT 1 B2 T3 S AR PR R

(10O LDAM™. %77 14 F 3 R AE 4 A K sk f =
A= DL, 5 A A BB A R SR e 2
FHEIRZ 5 1ERE .

(1D DARE™. JF S5 28 SUHE )™ (1) it SCA oy
Kk TR SCAR#E T BERT )46 f1n) £
At S Y T AR 38 U A 1) JSELARL L X6 [) 2 331 ) SCAR
728 SARAE S 35 Az LT 9 S SCA B8

(12) TF-IGM-CW™, e F SCARKE T id R A Y
A1 Y 205 s . T Tk T 5 O s
FELG A B B < SR I e O e
SCAR B Y I ARE AR L YRR I S R A A R AIE PR
T IE SR .

4.4 LWHERG5HH
4.4.1 FIEVERRLLE AT

T BAUE TSGA 16 A V- J SCAR Z2 43 2 [n] i
AR AR SCHEEN SR 3 | ki YEE DL b
B B4R B TSGA 5 HAt 10 443 2645 51
FEXt L, S22k N 5~FR S PR . £ 5~FE 8Hliid
TARREAILE ENJE okl S ih D b SCsda 4
A AN ST A S SCAR 7 SR 0} HE S 5 SR L LA
FORTEL I A PEMTE AR e . HR 5~K 8]
A, A SCHE (1) TSGA BERLAE 44 AS TR 55 1 5
8 L IOAR T b A 2y A AU SR TR A A 2
ghL

W3R 5 iR - 76 B JE AN SCA B Hi 4k 1
TSGA TENG B AU J7 11 22 30 1 Ll JH At A5 40 B
U PERE . BN, 7E = ZEAN TR I TSGA #

@ https://huggingface. co/xIm-roberta-base
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W) F-measure {5 EAE72% LI E . 5 SVM.DBN
DL K SetConv B RUAH F , TSGA R FE T R |34
e 8.25% UL I . 5 TEF-IGM-CW.TU.LDAM
DL K DARE A RIAH . TSGA AR ] LA B Je i 5
SCA DB CRIURR G T AR ) 3RS T S i F—
measure (8., X ] GBS 1 T = B il SCIRI SCAE ) A il
AT 5 T AL B B S0 A () I SRR SUARRAIE  ANAEAE
P25 o 2 T SCAS ) Mg 75 300 A B IATRT R T T 3 1 S
ARG T )P i SRS PR RE L kA, 5 BILSTM-CNN
BRI C-BERT BERUA L . TSGA HA 5 & 1 e
R EE SR ONTEEN e 1B SCA B IS A A
A B AE LT s TSGA BRE A% BOSUAR T RRIF E
H—E MR 2 FetE . Sk SP-GKL.HGAT LI K&
Graph-BERT #8Y A LR BSR4 SCARTE 5 REAES Y
i) B 25 K 17 I AR R (B G-means (E FTERS 32
Accuracy 3B I o TSGA B AL, X AT G2 P 1%
TR Z 8] AN TV S B0 2R 3 R 25 5 i
] 28RSO . AR, 5 TE-IGM-CW BRUAH L,
TSGA YA DLFE B JE 38 i SCAR /D B2 R
TR ) R4S B & 1 F-measure {H X 7] B8 2 H T
T SR SCAR G T A AR B T LR AR TR
A (18 Ry 350 5 SR SC LA B ) 22 ) AR A % %
WAL T 8 SE R B LA R JRRAREAE DT 5C
AR T 3 RAE ) A R W R

F 6~ 8 AR TSGA BRI 5 HiAh 43 245
RUAE T et 9 S R B v SCBOHE 4R b 9 AN ST A 1 SC
ARGy R A B . 5 H AR AL H AR SCHE Y

RS ARERBENRBEHEE FNAFEEXRBERIE

X bk SRR 45 R
F-measure
LAY F- Fo- F,- Accuracy
means
measure measure measure

SVM 0.5032  0.5315 0.6091 0.6332 0.6872
DBN 0.5908 0.5309 0.6453 0.6628 0.7218
SetConv 0.6801 0.7023 0.7312 0.7120 0.7291
BILSTM-CNN  0.6728 0.6881 0.6549 0.7235 0.7732
C-BERT 0.7031 0.6910 0.6632 0.7424 0.7817
Graph-BERT ~ 0.7132 0.7024 0.6741 0.7523 0.7928
HGAT 0.6890 0.7137 0.6751 0.7321 0.7915
SP-GKL 0.6875 0.7032 0.6971 0.7512 0.8031
TU 0.6432 0.6835 0.6843 0.7502 0.7694
LDAM 0.6301 0.5902 0.6028 0.6291 0.7112
DARE 0.6731 0.6718 0.7017 0.7321 0.8017
TF-IGM-CW  0.7091 0.7336 0.7519 0.7532 0.7838
TSGA 0.7307 0.7683 0.7239 0.7828 0.8116

R6 ARBRBEDRIEHFEE WA TEHEIRERSE

Xf bb S0 45 R
F-measure .
FiAl F- F- F- « Accuracy
means
measure measure measure

SVM 0.5428 0.5810 0.5390 0.5331 0.6280
DBN 0.5559 0.6117 0.5690 0.6533 0.6834
SetConv 0.6313 0.6612 0.6171 0.7112 0.7621
BiILSTM-CNN  0.5630 0.6510 0.5876 0.6783 0.7634
C-BERT 0.5234 0.7120 0.5943 0.6342 0.7714
Graph-BERT ~ 0.5874 0.7342 0.6321 0.6579 0.7857
HGAT 0.6702 0.7665 0.6432 0.6831 0.7518
SP-GKL 0.7315 0.6871 0.6720 0.7063 0.8072
TU 0.7210 0.6432 0.6345 0.6342 0.7817
LDAM 0.6491 0.6523 0.6198 0.6912 0.7021
DARE 0.7142 0.7321 0.7042 0.7218 0.7907
TF-IGM-CW  0.7215 0.7630 0.7315 0.7197 0.8167
TSGA 0.7387 0.7601 0.7523 0.7321 0. 8275

£7 AEMEEZENIRE TR FEETAE RS K

EERBe s R
F-measure )
fEiAl F- F,- Fo- « Accuracy
means
measure measure measure
SVM 0.6549 0.6356 0.7018 0.7306 0.7318
DBN 0.7013 0.7291 0.7321 0.7839 0.7935
SetConv 0.7701 0.8019 0.8212 0.8123 0.8997
BILSTM-CNN  0.6856 0.8134 0.8366 0.7932 0.8192
C-BERT 0.6532 0.7342 0.8123 0.7921 0.8829
Graph-BERT  0.7234 0.7542 0.8235 0.8082 0.8271
HGAT 0.6892 0.8035 0.7932 0.7908 0.8236
SP-GKL 0.7265 0.8269 0.8212 0.8321 0.8563
TU 0.7143 0.7832 0.7942 0.8031 0.9015
LDAM 0.7421 0.8034 0.8198 0.8231 0.8721
DARE 0.7939 0.8207 0.8145 0.8291 0.8318
TF-IGM-CW  0.7972  0.8299 0.8376 0.8193 0.8920
TSGA 0.7847 0.8321 0.8239 0.8330 0.9015

TSGA BB AE =AM Jd SCAR B S LIS T
PRI 1 43 2O . T H kB B 4 |, TSGA R
YY) Accuracy 1 G-means {H 53 5l 2 82.75% Fil
73.21%, b TF-IGM-CW # % | DARE #& A |
LDAM. TU # % | SP-GKL #& 8 . HGAT £ A |
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Background

Most sentiment short text data generated on social media
exhibit a certain degree of class imbalance. This imbalance often
results from the disproportionate representation of certain
sentiments—typically, positive or neutral emotions dominate,
while negative or less common sentiments are underrepresented.
Traditional methods for sentiment classification tend to prioritize
the majority class because models trained on imbalanced data
naturally focus on the most prevalent patterns. Consequently,
these methods overlook the minority class, leading to poor
performance in identifying less frequent but potentially significant
emotions. However, it is crucial to focus on the minority class in
sentiment classification, as correctly identifying emotional
information within this class can be particularly valuable for tasks
like detecting customer dissatisfaction, monitoring public
opinion, and identifying emerging issues. In recent years, various
strategies have been proposed to balance the distribution of data
and enhance the performance of sentiment classification for
imbalanced short texts. One such strategy is the use of text
augmentation techniques, which generate additional short text
data specifically for the minority class during the augmentation
process. By artificially increasing the number of minority class
examples, these techniques aim to provide a more balanced
dataset for training classifiers. However, if the generated data
fails to capture the complete semantic features of sentiment, it
may lead to overlapping emotions across different categories.
This overlap can confuse the classification model, causing it to

misclassify sentiments and reducing overall accuracy.
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In this study, we propose a method that leverages a third-
order semantic graph for text augmentation to address
imbalanced multi-class sentiment classification. This approach
effectively generates minority short text data by designing a
third-order semantic graph structure that expresses local
emotional semantics. The third-order semantic graph captures
complex relationships among words by considering not just
direct word pairs but also the interactions involving intermediary
words. This allows for a more nuanced representation of
sentiment and word dependencies, ensuring that the augmented
data accurately reflects the emotional context of the minority
class. By utilizing this sophisticated graph structure, our method
ensures a balanced distribution of sentiment classification across
multiple classes for imbalanced short text data. To evaluate the
effectiveness of our proposed approach, experiments were
conducted on four public imbalanced short text datasets in
Indonesian, Malay, English, and Chinese. Comparative
experimental results demonstrate that our approach outperforms
state-of-the-art algorithms in improving the recognition accuracy
of minority emotions, particularly when the short text cannot
generate an accurate word vector model. This work is supported
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Fund for Creative Research Teams (ICFCRT) of NSFC (No.
W2441019) » Guangdong Basic and Applied Basic Research
Foundation (2023B1515120020) , and Innovation Team Project
of General Colleges and Universities in Guangdong Province
(2023KCXTD002).



