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Improvement of Syntactic Reachability by Adding Conditions

KoicHi Ryu,t TAKANORI OKADE, DAISUKE HIRONAKAT
and MASAO YOKOTAT

In syntax analysis, reachability is often used for restraining the generation of useless partial
parse trees. It predicts the growth of one grammatical category to another. Nevertheless
reachability is not almighty but it sometimes hardly functions. We have been studying a
method that uses lookahead information to improve the prediction accuracy of reachability.
In our method, even if reachability predicts category B from category A, the prediction is
forced to be invalid in case special lexical categories do not appear after category A. The spe-
cial lexical categories used here are obtained from symbols that we call “categorical kernels”.
Categorical kernels are found by making simultaneous set equations from rewriting rules of
CFG and solving them. In case of solving this equations, we use successive iteration because
combinatorial method is much more time-consuming.
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Fig.1 An example of Japanese rewriting rules.
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Fig.2 A reachability graph for rewriting rules in Fig. 1.
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Fig.3 Kernel set equations for rewriting rules in Fig. 1.
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Fig.4 Categorical kernel sets for rewriting rules in Fig. 1.
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jooo0odoooooooooooo xXooooda
0oooooooo yoooooooooooood
K\ O0KesOOODOO 100000 RODOOODOO
Jddodooooboboooboooooooooaa
gooooo

X =Y Ki|Ks...|Ka (17)
joo0op00ob0o0oXxX 0O yvyooooooobooo
oo0ooooooooooooo Inoooooo
poddooooooooboooobobobboobobo
00ooo0o0ooOooooU (Inyooooooooo
0go0oooooooooooooooooooooa
goboboo0ooobDoobobobooboboboooog
gOoo0oOOooOobOoOooo10000b0000o0obo
gooooDoooboenOnOonO

4.2 0DODOO0ODOOOODOO

goboooobobboobooobobobobboon
gooooboooobbobbobbooooobo
Jooo0oopoooooO00bODOD Xoooo
J0yoooooooooboooooooooooo
jooooob0oo0oooDbOX oo yoooboo
goooooooooobooooboo1o0o w
do0oopooooooOobDpathDOOOCOODOODOO
0o0odooodowalkOOODOOOOOODOOOO
0o0bO00o0000oOobDOobOoOo0oooooooono
OO0 wiobooooooooooooooooooo
opooooo

X—-Zi—-Zy—...—»Z,—Y (18)

godb0o0oobOooouooboobobooobooo
goobooooooo

X =27 K01|K02|...|K0G0
71 = 2y K11|K12|...|K1G1
Zn =Y Ku|Kno|...|Knc, (19)

gooooboooooooobooooooooboo



Vol. 41 No. 4

000000000 XO0oOoooooooooooo
Jdo0bod0ddXO0OobOobooooooooooo
0000000000 (140000 ROUODDOOO
(1900000X 0000000000 2,000
00000000000 KO Ko, 000000 1
000000 ROODDOOODOOOOOODOOOO
00oO00b0OO000DbOO000DbD0o0O0oXxoO00oooa
00000 yvyooooooooooobooooao
rROOODOOO KnOKoe, DOODOOOOOODO
ooooboKnO K, OOOO0O0O00O0ooooo
oooooo0o0oo0Oo000000 KnlOKge, 00O
O0ooUoOooooUoOoooooooooooo (19)
gooOoo0oo0o0ooooooOoboooooooooa
dooooooooooa
Higkryooikn = Koko Kijky oo Knoky,
1<k <Go,..., 1<k, <Gy (20)

000000000000 XO0OOooooooooao
000 YODOOOOOOOOOOOO O Hig ..ok,
OOO0O0O0O0O 1000000 ROOOOOOOOO
Oo0o0o0o0oooooooooono

00d0O0OX OO0 yooooooooooooa
oooooooo w; (e=1,...,N)OOoOOOooo
0000000000000 U0 w; 00000 (20)
00000000 Hi 4. ., 0000XO0 YO
DDDDDDDDDDDDDEFDDDDDDDDDD
0 X0O0O0OoOooooooooooo yvyoooooo
0D0000000000H], ..., 0000001
gogoooo RDDDDDDDDE;DDDDDDD
cooooooooooDO:d kOk,, 00000
dooodoooooooooooobooooooono
oooo

X=Y | Hlio,kl,m,kni (21)
Di:k07kl7<~~:kni

JodoDoOO0eD00O0O0OOOOOOOOODOO
jooooodiooooodoDsoogooooooon
200000000

d—ap —s
d — mp — np — ppa — s (22)
Joo0o000obbOOobOoObOOO00oO0DOoOodon s
poooobooooooooboooooboooo
d=s [a,v,D]|[a,b,V]|
[m, n, p,v,b]|[m,n,p,b, V] (23)

4.3 O0O0O0OOOOO

00b000obOOobOOoOoboobooOobooooooon
O0o0d00OO00O0OobooobOooDoobooboOoooo

goboooooobooboooooooo 1033
ooooo
X=Y KiK. |Ka (24)

000000000000 0000000K; 0 K;
0000000000ooooooOooged#500
000000000 (490000000 ROUOOOO
K; O ROODODOOOOOO0OOO0OO0O0O0O0K; O R
J000d000d000d00oU00o0o0o0oUoogA
000 BOOOOODOOODOODOOUOODADOO
BpO0O0O0ODODODOODODODBODDDODOOODOO
pgooodbobobooobobbobboboog
O000K; 0 K; OOOO0OOoOoOoOoo0oo0oooo
OO0 K;0O0Ooooooooooooooooooo
gooodoooobooooooooooboobooog
gooooooooo

Jgooooooooooboooooooooooo
X0O0O0DOOoOooO vyooooooooooooooo
0odooooobooobOobobooboobooOooo
goooopoOooOoOo0oO0ooDbObOobOoooXx o
0yoooooooboooboooooooooo
goooobD wseOODDODODOODOOOODO
goobooOoOO0obOO0ooboooooboobobooboo
OgooooOoboboooono

. —=A—-DB...B,—-A—=C— ...
U
o A—-C— ... (25)

goboooooooooooog waooooooao
0000000000000 Hi 4., 0000
DDDDDDDDDDWADDDDDDDLDDDDD
00 wWeODODOODDDOOOODOODOODODODO
gooooo0ooooooooowsOoooooo
gooooobooboobooboobooboobooooo
goooooooobobooboooboooboo

5. 0D Oood

goooooboooooooooobooooooo
goooooooobobobooobooooobobooo
gooboooooooobooooooooobooooon
gooooboooooooooboooooooooa
00 honed-Base’0 0000000000000 100
goooodoobooooboooobDOo 00000
O00000o000o0oo0ooo Appled0O Power
Macintosh G3 DT2331 0000000 233 MHzO0O
0d0e4aMBOOOOODOOOODDOO

5.1 DO0O0O0OO0O0OOOooooooon

goooboooboooooooboooboooobooon
gooooooobooooooooooboooon



1034

fir® o
L7 17.2%

BT HErE

AT

—
Rl 7777777ZZ
1 I
0 50 100
TR (%)

07 0000D0O0O0DOODOOODO
Fig.7 A comparison of average utilization ratio for each
method.

0000000000000 0000%000000
gobooooOobooboooobooooboooboboo
gooobooooooooooooooboobooboooo
goooboooooobooooooooooooo
goooooobobooooiboooboooooo
goobo20000000000000000D 30
gooooooooobobo3bobooooooooo
oooooooooooooboobo 700000000
goboooboooooboboooooooboooboon
gooobooooooooooboobobbooobooboo
gbooobooooboooooboooooobooboooo
goooooooooo
gboboboooooboobooooooon
groooobobobooobooooooobooobooo
goooboooboooboooboo sbouoobo
goooooooooboooobooooooooDobo
goboboooooboooboboooobooobooa
oooob400000000O0OO0OOOOOCODOOO
goooobooooboboooooooboooboo
goooooooooooooooocooooboooon
gbobOooooooooobooo
goboooooooooboooobobooooooon
gbooooooooooobooobooobooobooonoo
gooooooooobooboooooooboobobooo
goobooooooooooobbooboooooDooboo
gooooooooooboooo3sooonogn 46.4
gbboooooooooooooooooooooo
gooooooboooobooooooossnonod
gbo0O woooboooobooooboooboooo
gbooooboooobooooboooo ooboooo
gooooossboooooooooil1oboooooo
ob099obooooooooooooon ooon
goooooooboooooooooooooobooDoo
goooobOooooobooooobooooooooboo
g1o400000000000000000O0 95240

oo0=

goooooooo

Apr. 2000

s

R LW ‘ 1.0

FEFREME

7 0.7

1 ]

0 0.5 1.0
TR )
TGP BNT, (B LR E X QIR 1 E L.
08 0O00O0OOOOOODOODbDO
Fig.8 A comparison of processing time for each method.

e
BRI RelE

0000000000000 4900000000
obooooooooooono 259400000

5.2 O0O0O0O0ODOOOOOO

goocoooobooobooobooobooooooo
gobDooO0ooo0ooobo0o0ooooOon 0.22msec
gooobooooooooooobooooobooDo
oboo o28msec0000O00O00O00OOO0OO0O0O
goboodo ollmsecOOO0O0OO0OO0O0O0O0O
oobooooooooboooonon 182.5msec 00
gooooooooooobooboobooooobooboo
O9%6mseci00000O00OO0O0OOODOOOOO
o000 150.8msecO0 0 0O00O0DO0OOOODOOOO
gooobooboooobooobooobo 1000000
gooobooooooooboocooooooboooo
gooooboooooooooobooboooooooo
gooooooooooooboooboooobooobooD
goboooog8booboooobobobooooooo
goboobodoooooooooboooooooooo
gboooooooooboobooooooooooboo
gooooboooooooboobobooooobooboOooo
gooboooooooooboobooooooooon
gbooooooooooobooooooboooo
ooooooo

6. O g

goooobooboooooobobobD 200000
0OAl10 O000O0O0O0OOO0O0OO0O0O0OOOO000OO0OO
gobooooooooooooooboboboooon
0A20 OOOOOO0OOOOOOOOO0OOODODOOO0
gobooooboooooooobooooboooon
gooodoobooboooobooooboooooooboo
ooooo
ooboooooob 200000000000000
ooo
OoP10 O0O0OO0OOOODOODOOOOOOOODO



Vol. 41 No. 4

0000000000000000000000
0000000000000000000000
0oooooo

0P20 0000000000000 OOOO0000O
0000000000000000000000
0000000000000000000

00000000000P20000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000
8 gNC
a” ip—q) (26)
000000000000000000000000
o0 0 (14000000000 RO 100000
00000000000
40 1000000000000000000000
000 ROODDODOOOO0O0OO0OO0O0O0O
p0 0000000000000000000000
Doooooo
¢0 0000000000000000000000
oooo
NO 0000000000
C0 000000000000000000000
0o
000000000000000000000000
0000000000000 4000000000a
0 400000000000D0000 (26)0000
0000 NOOOOOOOOOOOO0OO0O0000
0000000000000000000000000
00000000000000000000 ¢OO
000000000 0000000 (26000000
000000000000000000000000
000000000000000000000000
00000000000000000 ROOOOD
0000000000000000000
00000000000000000 TRIEDO
00000000 P10 P200000000000
000000000000000000000000
000000000000000000000000
nooooo

7. 0 0O O

goooooooboooboooboooooooo

gooooooooooooooooooon 1035

goobobobooooooooooooooooooboo
gbooooooooooooooboooooooan
goobooooobooooooboooooboooooan
gooooooooooooooooooooooon
ooooboooooooooooooooonoooo
goooooobooooboboooooobobo
oboooooooooooboobooobooboooooon
goooobooooooooooooobooooon
gboooboooooobooobooooobobooon
gooooooooooo

o oo o

1) Pratt, V.R.: LINGOL — A Progress Report,
Proc. 4th IJCAI pp.422-428 (1975).

2) Matsumoto, Y., Tanaka, H., Hirakawa, H.,
Miyoshi, H. and Yasukawa, H.: BUP: A
Bottom-Up Parser Embedded in Prolog, New
Generation Computing, Vol.1, No.2, pp.145—
158 (1983).

3) Jo0ooo0ooooooUoooooooooo
000o0ooOo sAXoooooooooooood
Vol.3, No.4, pp.4-11 (1986).

4) Aho, A.V. and Ullman, J.D.: The Theory
of Parsing, Translation and Compiling, Vol.1,
Parsing, p.541, Prentice-Hall, Englewood Cliffs
(1972).

5) Harary, F.. GRAPH THEORY, Addison-
Wesley (1968).

6) Pollard, C.J. and Sag, L.A.: Head-Driven
Phrase Structure Grammar,
Chicago Press (1994).

7) 0 O00O0OU0OOOOOOUOOOUOoOUOOO
0000O0o0ooooooooooooogoog
0000000Vol.34, No.5, pp.925-933 (1993).

8§) 0 OLO0O0O0OO0OOOUOOOODOODOO
ooooooooooo crGOoOOOOoOO
000000 1000000o0ooooooon
(1998).

Unversity of

O O

Al DO00DOO0OOOODOOOOODOOOO
gooooooono

OO0oDoOoOoooOooobD Looooooooa

ogoooooo
X; = fi(X1,...,Xy) (i=1,...,N) (27

oooof;, 0 LOOODOODOOO X; 00000
JOodd0d0o0oOooooOoooOooOoooooooa
000 X; 0000000LO000000D0000
00000000000 (27000000000
O000000d0O0O0O0OOO0oO0ooOoOoOooOoooooao



1036

X =(Xy,...,Xy)0DOOOOO (27)000000
ooooo
X = f(X) (28)
000Y=(Y,...,Yy)0OOOX, DY, 000

00 :000000000000000000000
000 X2YOOOOOOOOOOoOoOOO0o0O0O
ooo

00 A1 X2OYOOO f(X)2f(Y)0O0OOO
O000A 2Bi0A, 2B, 00000000000
0000000000

(A1 N A2) D (B1N By),

(A1 U A2) 2 (B1UBs) (29)
00 (X)0 LOOOOO Cy,...,Cn, 000 X;
000000000000000000000000
000000000000 0000 Cx2C,00
000000000000 00000

fi(X1,..., XN) D fi(Y1,...,Yn)

(i=1,2,...,N) (30)
O000fX)2f(Y)0OOODODODOOO0DO00000
o0o0ooooooooooX! (h=1,2,...)0
00o00o0000oo00ooono

X’ =(L,L,...,L)

X" = (X" (h=0,1,2,...)
0000000 00000000
00 A2 {X"}0DODOOOO0O (28)0000
oooo
0000LO0000000000O0X!'00000 L
000000000000 o0o(L,L,...,L) 2X' 0
ooooooo (31)oo XoX'ooooooo
0OAlLIODOOODOOfXY) DFAXYH)DOODOO
000 (32)00 X' OoX? 000000000000
00 A11000000000000000{X"}O
00000000000000000000 0{X"}
ooo (¢,...,¢) 000000000O00X" 00O
O000000O0O00O0{X*"ooooooooo
00000000000K 00 {X" 0 X¥ooo
000000000000000000000000

XK = XK = f(xF) (33)
0000X =X¥0000 (28)00000000
ooo
0000000000000
00 A.1.1 0 (31)00 (32)0000000000
00000000{X"}oooooooo (28)00
0ooooooo
000000 Al20000{X"} 00000000
(28) 0000000000000 0OO0O0OO0

goooooooo

Apr. 2000

0000000000000000000000000
0000000000000000 X=AO000O
00 (28000000 X=BOOOOOLOOO
0000000O0BOOOOO LOOOOOOOOO
ooo000(L,L,...,L) 2BOO0OO0O (31)000
00 X°D>BOOOOOOOOOO A1.10000O
0O fX°)Df(B)DODODODOBOOOO (28)000
0000000 (32)00000000X' 2B0OO
000000000000000000 400000
Xk>BOOODODODOOO kO {X"OODODOK
O0000000XX>BOOOOOOOOADBO
000000000000000000000000
000 (28)0000000000000000000
oooooo

(00100120 9000)

(00120 1 06000)

0 gobooooo
goOs80000000000D0
oooooooooooooboooon
geloooooooooooon
goooooooooooonooo
oooooooooooooooon
goooooooooobooooobooOoOooooon
goboooooooooood

o0 oobooooobooo

goo9boobooooooooon
oboooboobo 1nnoooocoon
goooooocoooooooon
oooooooooooooooo
gooooooooobooooo

oooooo

o0 oobooooobooo

go9booOOoOoOoOoooooD
goooooob nnoooooon
goooooooooooooon
gooooooooooooood
goobooooooooooooon

goooooo



Vol. 41 No. 4 gooooooooooooooooooon 1037

o0 0ooboooooboo
o04700000000000
ooooooobooos200000
gooooooooooooooon
goooboos4boooooon
oooooooooocooooon
goboooooooooboooooooooobooo
O0o0ooooOoOooOoUooOooOooO IMAGESO
gbooooooooobboooobooooobobon
gooboooooboooboboboooboooooo
goooboooooooooobooooooobboooo
goooooooo




