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A Method of Finding the Provisional Boundaries of
“Bunsetsu” for Non-segmented “Kana” Sentences
Using 2nd-order Markov Model

TETSUO ARAKI,! SATORU IKEHARA,?? JYUNYA TUCHIHASHI3
and SHINICHI SASAJIMAt4

In order to improve the precision to translate from the non-segmented “Kana” sentences
into “Kanji-Kana” sentences, it is necessary to examine all of the word candidates extracted
from the dictionary for the sentence. However, the amount of computer memories required for
the translating processing explodes in many times, because the number of the combinations of
candidates for “Kanji-Kana” words grows rapidly in propotion to the length of the sentence.
The memory explosion can be prevented if a sentence is separated into “bunsestu”. Therefore,
a method to correctly find the boundaries of bunsetsu are considered to be a key technique
to improve the precision of “Kana”-“Kanji” translation. However, the useful method to find
them are not known yet. This paper proposes a new method of finding provisional boundaries
of “bunsetsu” for non-segmented “Kana” sentences using 2nd-order Markov model. “Pre-
cision factor” and “Recall factor” for provisional boundaries of “bunsetsu” determined by

this method, were experimentally evaluated using the statistical data for 70 issues of a daily
Japanese newspaper.
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Table 1 Outline methods to find the provisional boundaries of bunsetsu.
Fik FHiEOE N Fet X SR OMBEL T; O}
NL v a 7 ERERED | P(zjlz;_2z;-1) <Th v a7 IR P(S)
HRAIZ L HHE (Ty € P(S)) ROk = 1
FL & ROV TE | Pzjle_ozj_1) < T1 NEJ5 1o SCHi= L 2 7 #eEE P(FB)
WHEEEOERAICLY | (T € P(FB)) R ok = 1
g
FBL & ZHXFOMFAXE~ | P(Ulzj_gz,;_1) > T2 JEJ5 > SCHi= v 2 7 PR
Va7 EEHEREOR L | (T, € P(FB)) RYEomE = 1
Ik HE
BL & HREOLH VAT | Ple;_qlejy125) < Ty HI DI~V 3 7 HEEER P(BB)
PHERMEOHEARZLY | (Th € P(BB)) Yy EOEE = 1
i
BBL #: ZHXFOMHEXEY | P(Ulzj4125) > To WO CE < V2 7 SR
Va7 R EonE | (T, € P(BB)) Ry oMk = 1
2y E
FL + FBL#: | FL#E FBLED 2% | Pi(zjle;_2z;-1) < T1 N T i )V 3 7 HAE R A
DAL BHE Py(Ulz;_gz;_1) > To Ry OB = 2
(T1, T2 € P(FB))
FL + FBL + FL %, FBLEE BLE | Pi(wzjl|ej_2z;-1) < T11 JEF B L IO LHIi~ v 37 EHRER
BL # DIHEOMERICE B | Py(Ulz;_2z;_1) > Ti2 REIDEOEE = 3
iE Pa(z;i_1lzj4125) < Tay
(T11, T12 € P(FB)
BLw Ty € P(BB))
FL + FBL + | FL#&, FBL, BL, | Pi(zjlz_27;-1) < Ti1 WA B & R OIE <V 2 7 EEHRER
BL + BBL# | 8XUBBLEN4#HD | Py(Ulr;oz;_1) > T12 RYIVEOHEE = 4
METIZ L BHE PS(%‘—li“’j—Hmj) < Toy
Py(U|z;1125) > Taz
(T11,T12 € P(FB)
B LU Ty, Toe € P(BB))

i) £0 (FL + FBL) i, (FL + FBL + BL) k3 & U' (FL 4+ FBL 4 BL + BBL) EO&ARMICBVTREATVS

BEARIFEMICEY T2 (AND &) 2&LTWA.

EFk 3BTz 5 DO FELANC, FBH ) DFE
(FL, FBL, BL, BBL %) Z#iAGhb¥723 20H#
FEEFILOTRL IR,

2.3 RXEEFROFMES &

2.3.1 FHE/NT A—%

IRXEEROBEFEORNIE, UTIORTEGEL
HHEOWME TEMT 5.

[EF4] KXEHERIIHTLIEEE P BLUEHHR
BREPRODYHIZEHTS.
ICHEROFCE L < 5 S CHSEROK
ot S NAR B R OB
RXHEROPTE L E S XHEROK
1E LW ICEBER ORI

P

Il

R=

o
2.3.2 BYWENEAT, MEMENRDFB L
BERE®E, HeR0OBK
MRV EDS AT
2.2 Bi TR LEBEROMEETIE, 20X
I 2 EHORY Y EFRLNS.

E—DF AT, EHEHEROELAALDOHEIIH NS
DT, FORYYEL /AW, XEHBERE
HET 5. T2bbE2(1) KBV, XEHERLE
FehSBEF] (F2k 2, CFME a % b) OEHME
FAHIL, XEHROTFINCHT T 5 EEEMERE O T E
Py CHRTHEIVNEL 2D (FbRD) LEXON
BT Ehs, BEUIVE (Ty) LS 2EERFOME
a X b % CHIER L HIWT 5.

—%, EZOF AT, XHORYYEREEANL
HPRERDOVE E2N) OHZEICHVS DT, Z0OR
WoEL D REVIEAIC, XEHBEREHWT5. T4
bHE2(2) WRT LI, K2(1) THEAALD o7
XHEEROLE IS (XFEMEBaRD) ICEBAXFEEA
NCESREFELSFFML, Z0OESEMmEE; T, &
DREL %D (LbEND) BE, XEHERLT 5.
[2] BHEL BERORITKRE % 5 RBY) ) EOHERE

BEREEHEROBRIINL—FA708BIIH S
DT, T TRFOBEBWTEET VO % 5t
T5., HEETFVIIBWT, HEESNXEHFROES



Vol. 38 No. 6
~ A
b
b
B
H
s
3 SABERIZ 8 Fe B ak bd{L i
£ Tld. w3 7 HENHERIE
7 BiAL, Pa<Ty, PocT1d D) 2
D EORSHBLR L HWT B |
<
L - S
@ T
T by s inueunonenodalonis oo onunrbdoess sy BE =T
o, 7/
B oCa RO HEHH HF
% P /tm&#u ans,
.
9 g1, %

(V) REBR R OHEEE (547 1 DR fH)
Method of finding the candidates of provisional
boundaries of bunsetsu.
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Method of revaluating the provisional boundaries of
bunsetsu.
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Method of finding the provisional boundaries of
bunsetsu using Markov probability obtained with
taking account of learning boundary.
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R2 8 ODOFBEIC L B CHIEROFMAEE (AN —5)
Table 2 Evaluation of provisional boundary of bunsetsu determined by eight methods.
HeE Ik RIGEEPRIL o
ROy E® | @AEP (%) | BEER (%) | H#P xR (%) (NZHEEEEPLERLIX)
NL # T = 4.0 33.3 88.1 29.3
FL i Ti =17.0 50.4 85.3 43.0 [Oo27%]) e, [EE] OFE
FBL T, =1.5 61.5 84.1 51.4 KELT 2L 22 e RCHgRE
BL #: Ty =175 47.6 77.5 36.9 WS 2 H U & o TR AR
BBL i ‘ Ty = 2.0 41.6 87.8 36.5 WAEP = 04.1%
FL + FBL# | T; =7.0 82.3 78.0 64.2 HHER — 68.0%
Tp=138 P xR=648%
FL + FBL + | T; =6.0 90.6 7.7 70.4
BL # Ty = 2.0
T3 = 5.0
FL+ FBL+ | T; =6.0 94.0 76.8 72.2
BL + BBL# | Tg =2.0
T3 = 5.0
Ty =4.0

() R Ty <N 3 7 S8R Py OMBOMME (T; =

EHBROBPBRRE L EBEORY NV EL MR L L

T,

BRIV 0RULETEERIRKRE 2 5HE0

REIDEZRD, ThirbBETERICGERT LB
BOCHERIEREDO R DIEL 5.

3. EBRER
3.1 EBR&FH
(1) HEBRXHOANT—%

RSCEIE SR DMV 5 R, 28D~

Va7 EEBEROFEER AV HREED

T =7 R= AL DORERNT — F 5 5B A TS,

(a) HAFEXOEHE | HEHMEE (bR,
ILEME LR RET — 5 0

(b) HAENXORER : »&XFEREL

(¢) HAEBXHOTFT—4=:

(i) >C¥&, XEiO# 200 X, 1,597
SCH
(ii) P %ICFE 8,006 XF
(2) <o 7 EEEREREE

(a) HABXOBEBIUFE 1D (a),
(b) ICE L.

(b) ~NIT7HEFFERDY AT | LEHHEFO
EBHNEEBLRL, E-%FH) 0%
BRESCEAAE S AROT Va7 E
SRR

(c) =7 HEERERIZH S AR KE

e

BOCEEROFHEH 2R %, 2 Eova 7 SHEROH
EERICHCLHELEOT - s R—ADLERL X, ThE
RANT — 2 LY, - hDSoFHEFET— 5 25 RER
L&, THERFRNT -5 LT

—logy Pj) THLTWA.

T—¥E . HAEHH 7T o, 55

Niets — 4

(i) XBIUXH®R
283,975 i

(ii) #2730 FH (1,409,359 LF

28,547 X,

(d) RUWY1E T:&£F#ExL T, P, R,
Px R OEZRKRICT S X ) ICERBHIC
RETS.

32 EBRER

2BTHN § DONHEIBEFRE R LD ENENIHT
LT, RXEEROBAR P EHHE R OBIFHA
ERBEEDOT OIEL, FOLED P & R D%
K2 IURT. TNFNOMEETHE ST XK
RoBlZE3 12RT. 8512, TROLDHEDIH B,
FL + FBL + BL+ BBL#EO#E AR P L BHE R
DORFER 42, BARKDO L EDRXHEOTH %
5 2Ry, CHODREDPSUTDOI LG h5.
[1] XEHEFROFE IR

WEHBR T ZE L VIERT -5 2 HWwb iE (NL
&) b, XEBREEE LEAF - RHEVLHE
(FL ¥, FBL ) ©HET 2L, BHEZIIIZFAE
BETHHH, BREOFFEELD S EAERIW 20-
0%V, DT LS AHEBROEFOHREIKE
W EBGHD.

[2] NEF T & D 2 B v a7 EEEHER G L
2T Lo Ry D EE V52

FTELIC, E—0RUYEOHE, EHEMERDE
FAARROBN L 2 UEEREEHEOEVE BT
&, JEAFMERT 553 (FL#, FBLE) 2°
HHENEBE T 55 (BLEE, BBLE) L) HENR
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Fig.3 Examples of provisional boundaries of “kana bun-
setsu” determined by NL-, FL-, FBL-, BL-, BBL-,
FL 4+ FBL-, FL 4+ FBL + BL-, FL + FBL + BL +
BBL-method.
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Fig.4 Experimental results by FL + FBL + BL 4+ BBL
method.
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Fig.5 Distribution and accumulative curves of the
lengths for provisional boundaries of bunsetsu.
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Fig.6 The comparison of the numbers of looking up the
word candidates in a dictionary with or without
taking account of povisional boundaries.
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