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Detection and Correction for Errors in Hiragana Sequences
by a Hiragana Character N-gram

HIROYUKI SHINNOU'

In this paper, we propose the hiragana character N-gram method to detect and correct
errors in Japanese hiragana sequences. Further, we investigate about the proper N.

It is known that the word N-gram method is effective to detect and correct errors in texts.
However, it is difficult to construct word N-gram, even the case of N = 3. Moreover, in
Japanese, this method requires the morphological analysis and high cost for searching an N
word sequence from the word N-gram table. Thus, at the moment the word N-gram method
for the text revision is not reasonable. However, if the target of the revision is limited to
simple errors in Japanese hiragana sequences, by using the hiragana character N-gram we can
detect and correct their errors without above problems. In this method, N-gram with the
high N has the high recall, but the low precision because of the corpus sparseness problem.
So, we must consider the corpus size and the weight of the recall to set the proper N.

In experiments, we constructed 3,4,5 and 6-gram respectively from newspaper five years ar-
ticles. By using their N-gram tables respectively, we examined the effectiveness of the revision
for simple errors in hiragana sequences, which are caused by a single hiragana character inser-
tion, deletion, substitution and reversal. We conclude that the hiragana character N-gram is
effective to detect and correct errors in hiragana sequences, and N = 4 is proper realistically.
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Table 2 Threshold corresponding to threshold ratio 1%

N-gram el

3-gram 75
4-gram 5
5-gram 1
6-gram 0
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Table 3 Result of experience 1

N-gram T IEfiRsR
3-gram | 313 (2000) | 0.844
d-gram | 232 (2000) | 0.884
S5-gram | 286 (2000) | 0.857
6-gram | 328 (2000) | 0.836
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Table 4 Detection results of experience 2-5
N-gram | FEBR2 | FBR3 | FEhi4 | EBS5 T
(HIBR) (FEA) (i #) (i)
3-gram 0.607 0.921 0.898 0.926 0.838
4-gram 0.721 0.955 0.940 0.970 0.897
5-gram 0.789 0.974 0.955 0.982 0.925
6-gram 0.810 0.977 0.962 0.982 0.933
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Table 5 Correction results of experience 2-5

N-gram | %82 | BBR3 | %84 | 585 | T4
M) | @A) | Em) | EE)

3-gram | 0.636 | 0.770 | 0.792 | 0.846 | 0.761
(775) | (1841) | (1796) | (1852)

4-gram | 0.782 | 0.877 | 0.879 | 0.924 | 0.866
(921) | (1910) | (1879) | (1939)

5-gram | 0.731 | 0.854 | 0.845 | 0.882 | 0.828
(1007) | (1947) | (1909) | (1964)

6-gram | 0.684 | 0.817 | 0.801 | 0.835 | 0.784
(1035) | (1954) | (1923) | (1963)

R 1 DIEMEEE py, FER 2~5 DIERROFI%
p2 £ 5. ELFEROXETERATNGRY BEL B
TeRE r 295, r&2 I TIHRYRLIERZLIZT
5. WEXEROLTOFEREZHOKE TLTDL,
EU WERASIOBIE T(1—7) THY , o 72 Pk
FIOBIE Tr THS. L WTARAFIZ ) FL o T
BT 28UE, T(1—r)(1—p1) THY, ) OH%
F% IELU < 840 72 YRITE 28U, Trps THD. &
[, 38 & UTHET2 80, T((1—r)(1—p1)+rp2)

SR 44 N-gram (2 & % SEAR£FIOY) i 2 DEBE 2693

THY, TD>H Trps BWIEL WRETHZ DT,
HER (P )L,
P2

R e
L85, F-HEE (R) I,

R = P2
L%, P, R#HAWT, BAFOF fHiz &
D% 1778 > 72 f5 R %E K 6 ITRT.

F:(ﬂ?+Lm*P*R

B2« P+ R

727U, SITIEHERRE EEROFAEZFELILT,
B=10&U7. 7, ) Lr £ 0.01 IZEEL 7=.

PEDR

* 6 Y ML O
Table 6 Evaluation of error detection
N-gram | &R | HHEE F f#
3-gram 0.051 0.838 0.097
4-gram 0.072 0.897 0.134
5-gram 0.061 0.925 0.115
6-gram 0.054 0.933 0.103
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Fig. 4 Relation between threshold ratio and F-measure
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Table 7 F-measure corresponding to minimum threshold

ratio
N-gram | S/ BIfEEA F {#
3-gram 0.01% 0.449
4-gram 0.17% 0.267
5-gram 0.72% 0.144
6-gram 2.08% 0.102
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xR 8 BUEL IZXNTLHIEHI AL F
Table 8 F-measure corresponding to 1 of threshold
BfE#E S | FAE
3-gram 0.02% 0.360
4-gram 0.33% 0.192
5-gram 1.44% 0.115
6-gram 4.17% 0.083

N-gram
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AL TBL. ZAET —/SAD A S— AT KL
B5-DDAL=IVTOFED LALLM, 3—/8
2% KE U ERD N-gram CTHHIT B Z & IZHY
T5. TDD, ZOBHEET L, HHEOFE
N DKX7 N-gram 75 OHFI%E 7R, UMLE A
O L MHTE L. 2 OHATOIRZSHOM
BEThD.

4.2 BEITEL BRY OBE

BIZEDEERTIZI) 2 ATHINZfERL T, TR,
BRI T 2 RAFEOAMEEZ ARz, 22T, &£
BRI SeE T AU 2 30 1SS B AT AR MR
B/ED, WHE U EI( 4 AARET TR
20 BREFENIEEAMNZ B RO 8 4 E DB
HED BRSEUILY AT ADOHMIZET 5 AEHRE
£SO 42 (200K N~ DFF A 77 1))
Thd. ZOXEEFMIFDL I icky, X4
FLAEDARZFIDZRYD & U TLATOD 3 fifrd RS
I MNTE /.

(1) F—U—RICL2BBENARELE L DL, -
(148 *—Y 28 47H)

(2) ¥k THETNERBY, (161 =Y 51T
H)

(3) B KZEITTEY MNIBQ-(175 =T 6
f7H)

FREDOXER, BX 4 XL EOERATNL 2,447
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FHEEFAEL 72, 3RY R LU TIE 0.0012 THD. Th

S5IZxL T, FEERTIERRU 72 B 4% 4-gram 25 FHY

M BIEE Az, E-BMEEAIE 1.0% & U 7.

Y & U THRINS TV elid 37 BT H Y, fid

U7z 32080 IXTRTEHEENT W, ZOMTHE

RIL 100% TH5. /2, TD 3D TZEBEE T

25 Y, BN N-gram D RkDE D, DF D H 1 &

N IEfETH > /2.

WEIZEY & U THRIL 72 307410id 34 T - 7-

A, TORKONRITLLTFDOE Y TH5.

o HGENT P EARAF]] 25 MRS N, KE
DEARAFNE Z DHEEIZ BT % ER A& TR
B ARSI 25 (8 %)

— R EDL DIT EFE ES (118 %—Y 26
f1H)

— e ARANDOE Y TFEL P ZHNEORE
(119 R— 27 17H)

o HMEIIHTTRITIEDE FNATHRIEL TV
% (7 TEHH)

— - BERE & DA AN IFUTHES (134 R—
Y 21 7H)

— BT E WS B NS DD (164 R—
Y 34 17H)

o HEMEVEREANDS R D HEEE & (3 FiH)

— AR EEHRE OWZHLI->ZTr 25
BN (118 R—Y B FAT)

— R DB ONBZOTLESZDTHD
(171 *—=Y 12 17H)

o ) TIRARVHAERZRETH S (2 FikH)

— BB Y ROTERLELEID, (158 R—
Vi FT)

— BTN LT ENTIUIEIER T
FKeo-(134 R—Y 13 47H)

o TOM, FIFHU 723 —SATIERY U o7z
ARG THD (14 FHH)

— EBHE LEDRALLD Fv o (147
R—Y 747H)

— R R D &Y KE (176 K=Y
7TiTH)

FUARE AR FIE 32D & U TRIBY T W20 H
7o LRl Zofth] O4%), 24 N-gram
DYERD TEIZ R 723 — XA EFIHZ A, Bt
KROXENRLHDE DTHo - EEZLND.

ZIZTHWETIE, RBIEE 2o 72350 DK
HHNT o 72, UL, R, THIEEBRIZEL
THRETHD I L2 BT DI TRV, FIZIT,
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HARFBFEICAED 72380 Er#aslz 9 FERL THd

RO, FDOHTET 4 B EOTD 4 DDFFEAFN

MU T, 3 Mz 208> TAadE, 2H/HOI -

BIZIE, MED ROy N T =05, - | DRl

TEBM> 2. T 4-gram DBIMEEIE 1.0% 128

2 HEROEI NS AU TWD. BEZIEE 5.2%

FTHIFNUEMHETE 72, F /24 5-gram % FIH

U7ZGEE i) ZE BT /.

(1) ~HABOEI) BEOED IZF5 BEND
5. #t O)

(2) BIZIE, MESBD RV R T =T, -
( e x)

(3) - HREZEAE B TH D HAE, - (R O)

(4) HHTEHIEY B THBE Ex - ( Mk
O)

BEELT, 20FI0l £580] IEEI D 4 0DF
K5 Tldd 2 D 4-gram & 5-gram TENIELD TV
5. ThUE, 2.1 THBRZEDIZ, KX Tl N-gram
ZERT 6 & TR MG SLFHNET & JHRIZU
TW5DTIHAS, KHH .. H®HH ... HK
DIE EDTNWE NS THD. FEBIZT K5 2D] »
5 5-gram % 5 &,

K&2 %D
£95 2DK
L 725 DT 4-gram & DEPEL B.

AEIDFEROMEARIL 0.081 THo /2. HiEDIER
DEEHEIT 0.072 ( BEHE 1.0%TOME) ThHho 7z
DT, MEDOEREDY & RWMETHD . ZidEDE
BTIXRET 6 L EDOFRAFIE NREL LD TH
5. FERRIEI PEOFERATIO A7 EEL U TIES
<, BEIDENFRATID FG) 2 E D D D¥WrdD
ERNEODNS 2 B 5N,

4.3 @i N-gram & DS

FEERTITHIBRIC & 2 30 12692 EfERS ., 2
UL 1 SCFHIBRIZ & - T, BRI 1D ARG ZY
BPARHNE B DIGENL NS THD. HlzlE, B
TOFIL TN ODWFTNNTHS | & 0D EARATIE
M) THDMN, B2 TES OVTUhTHE ] LD
SEARAFNEIEL .

BIl) () 0l owTFhrThBE HETS
#)  0Hl DVFINTHDE WETS

w2 ) (IE)  0»1 owIFhhTHd HaEIE-

Z DFEDFRY & HROTFARAFNZ T 05 i 5 2

SR 44 N-gram (2 & % SEAR£FIOY) i 2 DEBE 2697

CATEEL <, flioNEHRE FIHT S BERDH L. B
770 —F& LT, i N-gram & DFEENHEZS
Nd. WRE LD FR#5% GLHIERORFEE GO
HEEB| D SFATDISE — 35 F DAL FID fFE /8
B —IZERY P D REESHIETE, T2 53
DBERTE S, BIEL RFEO LHEE HTOLZ L
THRETH D .

727U 2 D5, WREMITALEIRY, AFE
DEFRIZFFELTLUES . Z0HEIE, FIHBEN &
MERIRIEE WD MEMNITIZRZTHAD.

4.4 X575k

X 52 E N-gram & DA TIFMHETE 20
DDA TEL T, XREGFEDOERZHEHY 5 5.
BIZIE, AROHI3 Tkl ShdZez | T X hd
2] WD AR FNEE OFISIFRTIRIEL WA,
ANHZ B L ) 12785 . I HIZZ2NH DFRAFID
BT, EfEOREMLFIIE—THDE DT, HFdlnrd
D 2 RHTEZLIETE T, XRIEAZD AR5
LBRHOTWS.

%13 ) Xt Ihd ek FHETD

Bt I s 2 wid s

XNRHEAFZD AR FNZ U T, FEZEIRTFIELF
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BWe FHETS.
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IXBIEIFIRR A DO—THD 2L A%<, ZhllL-o
TAFEOEMABENEND LT THE. HDWVIE,
AF X TIXA) G FErL RN 7228, AR5
DY KEITALET S XFWHHRDOB G, Th
LbEBEFEXMTEILEAMTHAS.

5. b Y I

ARFLTIE, HAGEONARAHITHED B XG4 % 4
K42, VN4 N-gram % FIHL TZOF) % B, &
ETEIEIIDNTHRA, HHZ 2R N 2 kdd Z
L& B, HifEEisE 5 0% FIAL T, N =3,4,5,6
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DY W, BEIZHU T, TR N-gram HE 1
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