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SSHGCN: A Chinese Error Correction Method Based on Heterogeneous Graph
Convolution with Phonological and Visual Features
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Abstract: Chinese spelling correction aims to detect and correct spelling errors in Chinese text. Existing methods have attempted to
model character similarity as graph structure information. However, the graph structure of current methods ignores the deep phonetic
proximity among Chinese characters and lacks a multimodal information fusion method that fully exploits the role of character
sound and shape. Therefore, this paper obtains the phonetic similarity relationship based on the initial and final information of Chi-
nese characters and the importance of pinyin, and combines the shape proximity relationship of Chinese characters to construct a
Chinese character similar pinyin-shape proximity heterogeneous graph. The heterogeneous graph convolution is used on this graph
to complement the use of the sound and shape information of Chinese characters, and fully integrate the tone and shape information
of Chinese characters. This method surpasses all comparison methods in terms of sentence-level F'1 score on the SIGHANT1S5 bench-
mark, and is comparable to the best comparison method on the SIGHAN13 benchmark, verifying the effectiveness of this method.
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Table 3 Statistical information of datasets

ARSI AR Bt/ IR RN
Wang thik il 2 271 329 44.4 382 704
SIGHAN13 I Zk4E 350 49.2 350
SIGHAN14"7H)I| 2542 6526 49.7 10 087
SIGHANI5 Il 3174 30.0 4237
AR SCRERS AR B/ % PHKE RN
SIGHAN13 i 4E 1000 74.3 1224
SIGHANI5 iR 4 1100 30.5 550
11 : SIGHAN13 Py Il ZRE R S 25 A 32 ) F S0, 7
TSSO R E ) R A T AR A AL Y T R
[FIFE b, SIGHANTS [ Il ZRAe A i At ok 1 ARTRN Y 51k

) O A A I 2 55 RN 2 TE 9% ) b A T ff R Pre-
cision (P) . A 0] K Recall (R ) A0 AL JH Al ¥ {E
F1-Score (F1),

BAY ] PR RN R R R R )
WA EERE T . R 4] A B 745 B OE 0
81U B T 7 o 7 O e S T o S B R S

oz 0 % ) 2 9% ) EE SR AR AR B8 A 1F 1) L A
TS ) - v IR S 57 5 A AR A R H R BEOR AR A
e f5 21 1F X SE R 1R

ANESn] ] R e A RE 0% 1F B M 4
BRI AL E , JEE B SE Al b T G
TEB N

E B 2% Precision (P) . A 7] 2 Recall (R)
Jin AL & A 34 {E F1-Score (F1) #9318 2 50
.

TP
P= (12)
TP
R=Tp N (13)
2XPXR
e 14
1 P_'_R ’ ( )

Horp TP AU 3 B IE %] ( True Positive ) , FP AU fE
1E %] (False Positive) , TN 18 & & 171 441 ( True
Negative ) , FN X 2 | 1 {4 ( False Negative ) o &
Y1 By 6 T A A 2] 8 S 2 5] B I S 5 T
18] 2 e s B BN B R AT RE ) . Hop
F1-Score Ji fix b 8 22 (9 VA 385 b, T i A5
TR0 B K A T R 4 T
3.3 EKINEE

A SCAH ] Pytorch $2 £t 19 T8 & 2% > HE 48, IF:
7 NVIDIA RTX A6000 | #4752 5 . Chinese-
BERT % i gt fif FH FF 5 B4 )1 25 A 1 47 900 4
Ak, AR 28 HC At 5 43 D) A7 B BL R G5 k. AR S
LY 52 86 # 2 7E = 4> SIGHAN Il 5 48 Fi1 271 k
F SN B IS = G S s o ol 1
SIGHANI13 , SIGHAN15 il 2%, 4 B 15 fiz {455 A 2
BUEE 2 2] ok 5X10°°, Ak B K /N 4 1 5 B
96 Fl 64, Y Zrde ik B o 45, H S50 E
mE 4,
3.4 XFLbICEE

2 5 J& /5 ChineseBERT D) M H fii LLMs
(Large Language Models) K I if 7 1 A 7¢
SIGHANIS 38 45 EAg a4 R P, M 5 L1



524 PN === Q2PN s = I0Y)

47(3) 2024

F4 FRARXARLAHK
Table 4 Experiment related hyperparameters
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Table 5 Performance comparison of LLMs

Sentence—Correction—Level
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HH A A 2Z T A3 G 2%

WSpeller (Robust Word Segmentation for En-

hancing Chinese Spelling Check) % #& 7 i i il

W08 A B AR AL B e AT U 2 JR 1B ek
AP 5 A LV A 15 B

MDCSpell (A Multi—task Detector—Correc-
tor Framework for Chinese Spelling Correction)"*"
fdi JH BERT 1E Ry 24 1F % 2 1l 28 5 455 19 20 o6 F0 1
BORRAE O R AR 0 g 1 B IR A AR B 2 E A
e, DA S R S

A ST K i 4R A A2 B G AR Bk Y R T A)
GO B PEA 4R A o

A ST AR B LR 1) L0 2 8 Yl AR
2 41k 1 BB . 78 SIGHAN13 . SIGHANIS ] i
£ ERXT LA R 3R 6 ron . Ho i 8 R B
RUTE A6 I 2 0 A2 900 1Y FLAE , A F1{E
S A A B K PR E . W] LU Y SSHGON 78
SIGHANTS il 3 5 ¥ F1 {8 HUAS & 3% (4 40 5% , JF
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X % B SSHGCON (4 7] 47 .
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Table 6 Comparison of performance among different model
_ e Detection—Level Correction-Level
WA R R FRAFDY) — —
Precision Recall Fl Precision Recall Fl
SpellGCN(2020) 80.1 74.4 77.2 78.3 72.7 75.4
GAD(2021) 85.7 79.5 82.5 84.9 78.7 81.6
. DCN(2021) 86.8 79.6 83.0 84.7 77.7 81.0
SIGHAN13 i &
WSpeller(2022) 82.3 86.9 84.6 81.2 85.7 83.4
MDCSpell(2022) 89.1 78.3 83.4 87.5 76.8 81.8
ours 87.1 81.9 84.5 85.9 80.7 83.3
SpellGCN(2020) 74.8 80.7 77.7 72.1 77.7 75.9
GAD(2021) 75.6 80.4 77.9 73.2 77.8 75.4
. DCN(2021) 77.1 80.9 79.0 74.5 78.2 76.3
SIGHAN15 &4

WSpeller(2022) 81.9 78.0 79.9 79.9 76.1 77.9
MDCSpell(2022) 80.8 80.6 80.7 78.4 78.2 78.3
ours 80.3 83.1 81.7 78.2 81.0 79.6

¢) # Bk SSHGCN "I i 45+ , fff A 7
o 1T & ) 5 A P 4 AR ChineseBERT

d) # B SSHGCN Hr & i 45 44, fiff A AL 7%
JE T 1] ) 5 44 P 4 BRI ChineseBERT

e ) T i 25 ¥4 FNJE 3T 25 #4 1) SSHGCN .

T P 45 K4 S S 6 IS T A6t 58 0 A AR X
Wk A B SIGHANLS I 32 4 | 2% 350 98 48 19 4h
AL 31 LA K FR 3. LA LMK T N,
AT ) SSHGCN 7E o H il 3 8] 5%
T 18 BT B2 RE 08 W 3 4R T 4 4 g
o 0 2 E FUf 3 AR O R B R R &
o il A PF IR AE B SpellGON J5 i, Uit
B SSHGCN 7£ 24 IE #& 3T 485 1% 1 A &t o e (8
I SSHGCN ¥ ik fUE iE X RiFIT 4B 2 )5,
A LFE ¥ AT R A B A S R — A 4R T AR
A RE S RIEAR B E @A 2B E B W
R

AR SCHR AT LA T SRy B AT 3k 2 R 4 1 2
BABORAE A3 BT, BF 5T SR AT Ik B EE T T RS 4
FEAT 55 B RE M o JR 0 T A 2 Y 2 B0 5 TR R

fdt 1] SIGHANILS W 3 4, 25 3¢ 8 i .
Wt R R IR B A M S B a Fl g, Hoh
PECTIE R OCIRIN =R 3K S S AR SY
B 3B Y o {H BE S B M S PR S A
WHEXR, RSN S ., ke M
SFEPE Rt £, AL ME DL 5 410k
FE R DS RRAE o R /N g 23 ik 1B Y 3% R
PEAR 2 R EUE B A LR -

4 g

ARSCHRE T — R DEE AR SC R AR I
K R LA SR PR A BN 2%, & T i D v
PES A B [n] 8, 3 P B A8 3 1 DIMSIM 8. 3 Al
Je S AT A R BRI A AR LM G R R
T AN PR R E R LA E 25 . AR R
PEE 5 DU I I O R0K P C R Pk 1 R
5% 305 B T A AT R W LT A B
SR FUB R b 32 O ER L Sk SCAS 2 g
T 55 S0 T 0 IR 2 R A AR A 4 B o R R A

RT BAER B LM RE S I AT

Table 7 Comparison of graph structure ablation experiments among different models

Detection—Level

Correction—Level

Ik = —
Precision Recall F1 Precision Recall F1
ChineseBERT 77.5 79.7 78.6 75.4 77.4 76.4
ChineseBERT+Spell GCN ({4 B & 1 AU AT ) 77.2 81.5 79.3 75.3 79.5 774
SSHGCN (i F & 1 P45 B 77.0 81.6 79.3 74.7 80.2 77.2
SSHGCN U FIE I AR 76.1 81.1 78.6 74.3 79.3 76.8
SSHGCN 80.3 83.1 81.7 78.2 81.0 79.6
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Table 8 Impact of hyperparameters (a, /) on error correction ability
Detection-Level Correction-Level
SRR AT A B SRR — —

Precision Recall F1 Precision Recall F1
SRR ATIA % (a=2,8~10 000) 78.0 82.2 80.1 76.5 80.5 785
SRR ATIA % (@=3,8~10 000) 80.3 83.1 81.7 78.2 81.0 79.6
SRR ATIA % 4 (=4, 8~10 000) 78.6 81.8 80.2 77.0 80.2 78.6
SRR ATIA % (@=5,8~10 000) 80.8 80.6 80.7 78.4 78.2 78.3
JRFBATIA % 4 (=6, 8~10 000) 77.0 83.2 80.1 74.8 81.2 78.0
SRR ATIA % (@=7 ,8~10 000) 77.9 82.3 80.1 75.8 80.0 77.9
JAR AT IR % (=8, 8~10 000) 77.3 81.3 79.3 74.9 78.7 76.8
JRR AT A% (=3, 5~8000) 74.9 79.9 774 73.2 78.0 75.6
JRFR AT IR BE (a=3, 4~10 000) 80.3 83.1 81.7 78.2 81.0 79.6
Jeys T A% B (a=3, 8=~15 000) 78.4 83.0 80.7 76.9 81.3 79.1
JRER AT IR E (a=3, §=20 000) 78.1 83.2 80.6 76.7 81.7 79.2
JREB R IA R FE (a=3, f==25 000) 78.8 82.4 80.6 77.0 80.6 78.8
Jey i AT 8% BE (a=3, 3=~=30 000) 78.3 82.6 80.4 75.6 79.8 77.7
Jey i Al 8% B (a=3, 3==35 000) 76.9 81.9 79.4 75.2 80.0 77.6

GEREIE P E MM EAEH . LIS, [3] DEVLIN J, CHANG M W, LEE K, et al. BERT: Pre-

ATy AT LS 3 R TR R 2 45 R
U AT Gt R 36 R W 2% A B J2 b T B M
TR LA X RN AT e TR T
B B B HH i L b R R AR R A ) B
Ewmﬁim?mu&wmﬁﬁ%%%Tﬁﬁ
D[N = T N0 2 A O 1 Y o s S o
RSN N O R 7 A U N S S
ML AF AL K . R, R R B B
¥ 77 18] AT 68 23 T A5 7 o] B A R0 b o R AR 1
B N T SCPEE A AT 55 o 0K TR EE
o 4cb 38 B e R B T AR A AN 51
FRFRR, VLt — 25 3 TH A R A rp Sepf
5 AT 55 Y 1k RE Nz AL B

B3

[1] LIUCL, LAIM H, CHUANG Y H, et al. Visually and
Phonologically Similar Characters in Incorrect Simplified
Chinese Words[J]. ACM Transactions on Asian La Inf
Process, 2011, 10(2): 10, DOI: 10.1145/1967293.1967297.

[21 SUN ZJ, LI XY, SUN X F, et al. ChineseBERT: Chi-
nese Pretraining Enhanced by Glyph and Pinyin Informa-
tion[C]//Proceedings of the 59th Annual Meeting of the
Association for Computational Linguistics and the 11th
International Joint Conference on Natural Language Pro-
cessing (Volume 1: Long Papers). Stroudsburg, PA,

USA: Association for Computational Linguistics, 2021:

2065-2075. DOI: 10.18653/v1/2021.acl-long.161.

training of Deep Bidirectional Transformers for Language
Understanding[C]//Proceedings of the 2019 Conference of
the North American Chapter of the Association for Com-
putational Linguistics: Human Language Technologies,
Volume 1 (Long and Short Papers). Minneapolis, Minnesota:
Association for Computational Linguistics, 2019: 4171~
4186. DOI: 10.18653/V1/N19-1423.

LI M, DANILEVSKY M, NOEMAN S, ef al. DIMSIM: an
Accurate Chinese Phonetic Similarity Algorithm Based on
Learned High Dimensional Encoding[C]//Proceedings of
the 22nd Conference on Computational Natural Language
Learning. Brussels, Belgium: Association for Computational
Linguistics, 2018: 444-453. DOI: 10.18653/v1/K18-1043.
HONG Y Z, YU X G, HE N, et al. FASPell: a Fast,
Adaptable, Simple, Powerful Chinese Spell Checker Based
on DAE-decoder Paradigm|[C]//Proceedings of the 5th
Workshop on Noisy User—generated Text (W-NUT 2019).
Stroudsburg, PA, USA: Association for Computational
Linguistics, 2019: 160-169. DOI: 10.18653/v1/d19-5522.
WANG D M, TAY Y, ZHONG L. Confusionset-guided
Pointer Networks for Chinese Spelling Check[C]//Pro-
ceedings of the 57th Annual Meeting of the Association
for Computational Linguistics. Stroudsburg, PA, USA:
Association for Computational Linguistics, 2019: 5780—
5785. DOTI: 10.18653/v1/p19-1578.

ZHANG S H, HUANG H R, LIU J C, et al. Spelling Er-
ror Correction with Soft-masked BERT[C]//Proceedings
of the 58th Annual Meeting of the Association for Com-
putational Linguistics. Stroudsburg, PA, USA: Associa-



RS : SSHGCN : 56 T JE S i R B AR b SC 2 B 1 527

(8]

(9]

[10]

(1]

[12]

[13]

tion for Computational Linguistics, 2020: 882-890. DOI:
10.18653/v1/2020.acl-main.82.
WANG B X, CHE W X, WU DY, et al. Dynamic Con-
nected Networks for Chinese Spelling Check[C]//Find-
ings of the Association for Computational Linguistics:
ACL-1JCNLP 2021. Stroudsburg, PA, USA: Association
for Computational Linguistics, 2021: 2437-2446. DOI:
10.18653/v1/2021.findings-acl.216.
LI F F, SHAN Y R, DUAN J W, et al. WSpeller: Robust
Word Segmentation for Enhancing Chinese Spelling Check
[C])//Findings of the Association for Computational Lin-
guistics: EMNLP 2022. Stroudsburg, PA, USA: Association
for Computational Linguistics, 2022: 1179-1188. DOI:
10.18653/v1/2022.findings-emnlp.84.
CHENG X Y, XU W D, CHEN K L, et al. SpellGCN:
Incorporating Phonological and Visual Similarities into
Language Models for Chinese Spelling Check[C]//Pro-
ceedings of the 58th Annual Meeting of the Association
for Computational Linguistics. Stroudsburg, PA, USA:
Association for Computational Linguistics, 2020: 871—
881. DOLI: 10.18653/v1/2020.acl-main.81.
LIU S L, YANG T, YUE T C, et al. PLOME: Pre-
training with Misspelled Knowledge for Chinese Spell-
ing Correction[C]//Proceedings of the 59th Annual
Meeting of the Association for Computational Linguis-
tics and the 11th International Joint Conference on
Natural Language Processing (Volume 1: Long Papers).
Online: Association for Computational Linguistics,
2021:2991-3000. DOI: 10.18653/v1/2021.acl-long.233.
BREUNIG M M, KRIEGEL H P, NG R T, et al. LOF:
Identifying Density-based Local Outliers[C]//Proceed-
ings of the 2000 ACM SIGMOD international confer-
ence on Management of data. New York, NY, USA:As-
sociation for Computing Machinery, 2000: 93-104.
DOI: 10.1145/342009.335388.
VASWANI A, SHAZEER N, PARMAR N, ef al. Attention
is all you Need[C]//Proceedings of the 31st International
Conference on Neural Information Processing Systems.
Red Hook, NY, USA:Curran Associates, 2017: 6000-6010.
DOI: 10.5555/3295222.3295349.

[14]

[15]

[16]

[17]

[19]

(20]

WANG D M, SONG Y, LI J, et al. A Hybrid Approach
to Automatic Corpus Generation for Chinese Spelling
Check[C]//Proceedings of the 2018 Conference on Em-
pirical Methods in Natural Language Processing.
Stroudsburg, PA, USA: Association for Computational
Linguistics, 2018: 2517-2527. DOI: 10.18653/v1/d18-
1273.

WU S H, LIU C L, LEE L H. Chinese Spelling Check
Evaluation at SIGHAN Bake-off 2013[C]//Proceedings
of the Seventh SIGHAN Workshop on Chinese Lan-
guage Processing. Brussels, Belgium: Association for
Computational 2013:  35-42. DOL:
10.18653/v1/W13-4406.

TSENG Y H, LEE L H, CHANG L P, ef al. Introduction
to SIGHAN 2015 Bake-off for Chinese Spelling Check
[C]//Proceedings of the Eighth SIGHAN Workshop on

Chinese Language Processing. Stroudsburg, PA, USA:

Linguistics,

Association for Computational Linguistics, 2015: 32—
37.DOI: 10.18653/v1/w15-3106.

YU L C, LEE L H, TSENG Y H, et al. Overview of
SIGHAN 2014 Bake-off for Chinese Spelling Check
[C]//Proceedings of The Third CIPS-SIGHAN Joint
Conference on Chinese Language Processing. Strouds-
burg, PA, USA: Association for Computational Linguis-
tics, 2014: 126-132. DOI: 10.3115/v1/w14-6820.
COLIN R, NOAM S, ADAM R, et al. Exploring the Limits
of Transfer Learning with a Unified Text-to-text Trans-
former[J]. J Mach Learn Res, 2020, 21(140): 1-67.
GUO Z, NI'Y, WANG K Q, ef al. Global Attention De-
coder for Chinese Spelling Error Correction[C]//Find-
ings of the Association for Computational Linguistics:
ACL-1JCNLP 2021. Stroudsburg, PA, USA: Associa-
tion for Computational Linguistics, 2021: 1419-1428.
DOI: 10.18653/v1/2021.findings-acl.122.

ZHU C X, YING Z Q, ZHANG BYY, et al. MDCSpell: a
Multi-task Detector-corrector Framework for Chinese
Spelling Correction[C]//Findings of the Association for
Computational Linguistics: ACL 2022. Stroudsburg, PA,
USA: Association for Computational Linguistics, 2022:
1244-1253. DOI: 10.18653/v1/2022.findings-acl.98.





