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We have developed a new generalized LR parsing algorithm called YAGLR. The parsing algorithm uses a set of tree
-structured stacks which is compact as well as graph-structured stack of Tomita's algorithm. The reason is that
YAGLR does effective merge operations on the tree-structured stack. We also present the experimental results
from which we can reveal that the parsing time of YAGLR is faster than that of Tomita's. Even for the special
CFGs for which Tomita's algorithm does not fare well, YAGLR's parsing time is in the order of O (n®). We
conclude that YAGLR has both advantages of Earley's and Tomita's algorithm.
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——————— (10, 2]
T11) ,[_.0][[2.2]-[11,211[13.s]-
------ (10, 2]
T12) [, 0)pmmmmmmmmmmmn (14,11~
------- [15, 6]-
-2 z][[xx.z] [13,6]-
------- [10.2]]
T13) [L 0= [14.1]]
—————————————— [16. 1]
------- [15, 6]
-2 z][[11.z] [13.(5]:I
——————— [10,2]]
Ti4) [ 0lp——-==—mmmmm [17,1]-
——————— [15.6]
-2 z][[11,zl [13.6]]
------- [10,2]:|
(BIFH8)
5. 2 YAGLRHEIXIRK
Y1) [{%},0]-
¥2) [{%0},01-[("1},4]-
¥3) [{%0),0)-[('1},4]-[(22},7]-
Y4) [{%0},0)-[(32},2)-
Y5) [(zo),ul—[(22}.2]—[!;3!.4]-
[{%0),0]-1{32},2])-[{®3}, 3]-
Y6) [{%0},01-[(32},2]-[{*3},4]-
[{%0},0]-[ (%2}, 21-[(°3},61-
Y7) [{%0},01-[{%2}, 2]-[ 43}, 4]-
[(:o;.o]—[lazl,zj—[lzsl.s]*
[{%0}, 0] —=--mmmmm [{73}. 13-
v8) [(%0},01-0{3%2),2]-[{*3}, 41-[(%4), 7]~
[(”0}.01—[(32},z]—[{ssl,sl][l94).5]—
[{%0},01-[{"3}, 1}~~~
Y9) [("0}.01—[(32).2]1[("41.2]-
[{%0}, 0] -~=mmuum

XAk (n)
5 (p)
&7z (n;v)
& 1z (n)
&7z (v)
5 (p)

» 5 (p)

sh$,

» 5 (p)

&b - f(v)

mh -1 (v)

» 5 (p)

» 5 (p) shs,

» 5 (p)

sh§,

» 5 (p)

» 5 (p)

XAt (n)

%5 (p)

&7 (n;v)

&7 (n)
1o (v)

» 5 (p)

5 (p)
shs,
5 (p)

fZd - 72 (v)

E:h -7z (v)

re2

shd
shl |
rel

sh4
sh3
sh?
re2
sh1
rel

shT
shb
sh$
red

Ted

sh3

0 [n X{t]
1 [p #8)
2 (PP (0 1)]

3 [n &7:]
4 [v &7:]

5 [s (1]

6 [S (2 9)]

T o]
sh5 (at T8)ic kB2 — ¢

8 [PP (3 )]
9 [PP (5 1]
10 [PP (6 1))

v — Y (EMHEEHFID
sh3 (at TiIcLB=—
11 [PP (3 7) (5 1]
12 [v £b -]

13 [S (12)]

14 [S (10 13)]
15 [S (11 13)]

16 [s (2 15)]

v — Y (FEFMHEHLD
17 [S (2 15) (10 13)]

10 [n— - 31k, 1]
11 [p— - %5, 2]

10 [PP— - n p, 2]
11 [PP—>n-p,2]
12 [n— - %7:,3)
12 [v— - &7,3]

10
12
I3

7 —
12
13
iz
i3
0

5

[S— - v,3]

[S— - PP §,3]
[S—PP - 8, 3]
[p— « 5, 4]

.‘/' N

[PP— - n p, 4]
[PP—n - p, 4]
[PP—> - S P, 4]
[PP—S « P, 4]
[pP— - S P, 4]
[PP—S - P, 4]%
lv—= - &b »7:,5]
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Y11) [{“o),o]~[{°zl.z]J[(“4).z]-[{‘35).s]—
(%), 0)--—------

nn[ﬂmm%“%LﬂTPuLn{P%Lﬂ-
) e
----------- ({45}, 6]~

[{%0}, 0] [{'ss},11-
Y13) [(“ol.o]-[(azl.2]][(’2.“4).21-[{”5}.6]-

[{%0}, 0]—-------

[{%0}, 03 [{'%s},1]-

(AT HE)

»% (p) shh, rel

m5(p) re2 1 14 [S—-v,5]

12 [s— PP s, 5]
14 [S—PP-5,5]
10 [S— PP §, 5]

»5(p) shd

10 [S—-PP §,5]%

shi, rel
12 [S—PP-§,5]

shé
M5 (p) shs =%

1
i

sh ' :
) xf&0mEZ, BREEZET.

CCTEHELYAGLREOHEELTRAW. T11) #5T14) ¥ TEY11) »5Y13) sTrh#Elcak

2

BT 5.
6. HEREE

5. YAGLRER, trssOBEBBHLR Y, EEBEETHS. /2, YAGLREREAEM FictrssBlto~—v
EEDBEMNTESLOT, GSSEAVT L SHENRLHBCHERT INELEHOHIER’» 3 EATHIER S, i)
FERICAINIBREPHRT 2IRoNWT, YAGLRELEHEDOEVWAERE -TL 5, 6B TRERIID O LS

ARTE, AHELERS » 7 2AVAEHE (CAIRSGLREXENTYWS (B 90]) EYAGLRE:OHEKE, B
FHIXEEE AW CETEEOLEET 5. EERITIISun3/2607-927-737, Quintus-PrologZ MW\ 5.

c BRI . asa...a
< ERAXE: S—a
§—SS
S—+SS8SS
16 T T T T T ¥
Input length TIME in msec. Trees
“r YAGLR | SAX [ SGLR
5 61 34 50 | 20
[} 17 67 83 70 fosd
7 183 | 233 | 400 | 256 i
12} 8 333 766 | 1000 | 969 H G}
9 583 | 2650 | 3100 | 3762 S
10 983 | 10150 | 12584 | 14894
i 11 1450 | 40150 | 49966 | 59904 i
—~ 10} H
31 i
~— e
o o]
i<
E HE%]
= Hi
i
=Td] I
s ;
A i
7] i
= :
3] i
i
i
H
H
4
S
i
2l
L 1 — 1
% 2 7] 6 [} 10 12

‘Sentence Length (No. of Words)

6. 1 EEERI1

I saw a lady with telescope in the park

in the park.....
12 3 RADREE

- BRETSIRC :

120 T T T T “
144 TIME in msec. Trees
YAGLR] SAX | SGLR
o 10 0 | .33 2 ,
100} 1| 200 134 67 ] {
2| 400 | 383 | 150 | a0 { b
3| es3 1000 | 250 28 H
4| 17 {308 | 13 | s ! tf'p
s | 1767 | va1r | 2050 | 264 !
6 | 2067 | 30817 | 7000 | 858 i
—~or 7| 3983 |[104m6 22665 | 2860 : H
J 8 | so00 |asa282| sosas | o724 ! i
; :
3 9 | sse3 o L T
~—r H :
© H H Qi’
h HS)
g e} i f |
ot H ! (5
= H i
oo i H
g /
a H
T3 4OF H
J
y
20}
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R6. 1icit, JohnsonSDEX XL+ 2ERBERERT, CoXER, EHETRT— Y —EU oMo A+
—FARBETLDTHS. ChicxL T, [FRARKRTLEIIC, YAGLRERT7— ) —ELEZOBHBEO4 -5 — (X0E
EniexdlTnior—%) THEEBILBHEPHENTVS, SO LENT6. 1OERLSOHEAMN 2. XOESHEL(R
BIcoNT, YAGLREDOEHEUELSEEII > THS., 722 nM1 0THYAGLRERMNL 3, nHl 1 TlRE34E
BHETHS. M2 PPHMOKEMPT Ly, MITEROBEKE LA S Y, BFBHSEOBRIE(LT 202 RL
bDTHB. COBAELEE. 1 ERIFFEIHKLBERNEShTVS. 6. 1 EH6. 21, BEDRHICSAX
[Matsumoto 8 9] DRFFEEMISRLTHBH, SGLRESAXED, BIAEAEESHWESORITEETSH 2. —7,
YAGLREDEEIT, HFy FEEERT IHMSET A TVE L ICER.

7. BbbhHIK

WX THYAGLRELEESHFLOVEERIFR7TVTY XLA2BE LK., YAGLRER, BEOFELLERTWC 20|

BER--TVAIEXHBELL, KAXOHEREUTICR~<S,
(A) Johnsond DH X 1 #5BkIEXEIRM LTS, BINEBHOA -5k, BENEX0ESsnidLT7— Y &A%
DOnDF—-FIMABCLENTES. BACEDOEHEEITH 3.
(B) v7¥a—RfERI, 7—U—HEMBRRE Ky FPEEMERLENSHKERIFEZITS. B F o PEEERYT 35
BIK2WTEELL.
cERAEHERAOVTWI0T, BENIKERS NI VMY P EOKRB 7Y —FLbDdiawn,
Ry PEERAWAI LKLY, BEHED L trssRlIEO=—P(ITICENTE LD, BIELEVARKSELR
4w trssERVWAIENTES., CHREHETHVE S 7HBEBILR S » 7 LV BESBMiTHBEEE bIT,
73 7HEIlbR s » o LRI, BRATEZEMEMASENTE S,
(C) BERIcX D, YAGLRENEELKEBI TLTYVXATHSCEXEMELA. YAGL REOT MR, BIF
HRELSEThIBHREOBMBHMI B> W TR > TR S,
SEORNBELLT, UTObDEEIFA &M TE 3.
(1) YAGLREZEZOHERITHMOA -3, —BROCFGIRMLTn 0+ ~5TH5 I LDHEMH,
(2) YAGLREIRXZHERITICET 2 0B O,
(3) YAGL REOIEFIRFH7VITY XADHA,
(4) HF v FEA» S ORBEHBEOHTIHH 7 V3 ) T ADHFR

(1) HEBEUHMRBETH Y, (2) KBXLIIE, BACETEHORE S ORMbITHOLENS 5. KippsikE
HE I hENBAREESET T, —BOCFGRETIHERMOA—-5%2Q (nd) KMAZIENTEEEET
L7: [Kipps 89) . LHL, COTAITY XLAREHELULOZMEE Y., ChicdLTYAGLRETR, trssd=—
CEBENITITANTYXATS S, S, HEEHENA S LN TE TN 2. 5%, —BOCFGEXNTZYA
GLREDHEHAICEEHORNE SOFHMUERFIEITILENS 3.

(3) Kd~_fckHic, EHELRER, YAGLREQUFBAT VT ) XA2RFATE L bEBHRSBH . KT~
FTATY ZARBHEEZFOZRRHETIANT Y XATHY, TELIRTERIBIRAEEVLETATYXLTHS. COEFHEEMS
LoD, YZ7hLFa—R-3v7 Y7 bBRELALEOELADESTEZRFPLRLBIWTIRIFT VT Y TL%E2HE
THLENS L., TNRICRBESOPMRSEBEICILASS (Numazaki 90)] .

YAGLRETR, HERTRCEOAALE Ny FHORED SHEERITAREZEVHEIRER STV, chix7—-)—FKE
W 7TAT Y XAEHAVHERY., — 2 DOHERNALHET 2-0DEBMIIn204 -5 THEIEBHMEATVS
[Aho 7 2] . COMEBFTAOHERLLEL OAFINSHEESINIZOT, HERFAMBAOLETI7 AT Y Xakk20T
SHRPET 2HENS B,

" BEXHK
[Aho 7 2] Aho,A.V. and Ullman,J.D.: The Theory of Parsing, Translation and Compiling. Prentice-Hall, New
Jersey(1972).
[Earley 7 0] Earley, J.: An Efficient Augmented-Context-Free Parsing Algorithm, Comm. of ACM, 13,1-2, 95-
102(1970).

[Johnson 8 9] Johnson,M.: The Computational Complexity of Tomita's Algorithm, International Parsing Workshop

‘89, Carnegie-Mellon University, 203-208(1989).

[Kipps 8 9] Kipps, J. N.: Analysis of Tomita's Algorithm for General Context-Free Parsing, International
Parsing Workshop "89, Carnegie-Mellon University, 193-202(1989).

[Matsumoto 8 9 ] Matsumoto, Y.: Natural Language Parsing Systems based on Logic Programming, Ph.D Theses, Kyoto
University (1 989) .

[Numazaki 9 0] Numazaki,H. and Tanaka,H.: A New Parallel Algorithm for Generalized LR Parsing, COLING 90
305-310(1990).

(Hr 89)] HIHHE: BASEMITORER, EERE (1989)

[Tomita 8 6] Tomita, M.: Efficient Parsing for Natural Language, Kluwer, Boston, Mass(1986).

[Tomita 8 7] Tomita, M.: An Efficient Augmented-Context-Free Parsing Algorithm, Computational Linguistics,
13, 31-46(1987).



f8A BIFHRXoES T 23 Hom R 2; T va v GOTOH:
JohnsonS It LN, MO—EOXELnc LT, BHNRXDOE S %+l a $ S
L7, EHEORREMOA—~51En"Ts % [Johnson 8 9]
[Kipps 8 91 . w315, BIFKMOA —F¥n2BATLES. 0 shl : 2
X#ELm: (1) S—a (2) §S—»SS (3) §S—sn*?
CCTS™2 BESS HnllEE LA b0 0EBETH 5. 1 rel rel
IR XEam™2$&43 (£ Ln) . ERLAERAcHLTED
LREMEONS. &, i (nt3i<n+2) ZEHDa%x v 7 FLlrel%®filLiH | 2 shl acc 3
BOTRS SOKEERA. 1IKRT. CITNp, REIAERL, BHEIA
oSBT 2ABEFS0RAMcR, KHEITRTOASMEENSS. S| 3 shl/rel rel 4
XEYDOicX->YHdhi, XOBUFHEMABRSORENY DES -
BETH B EERT. 4 shl/re? re? 5
BEIRRTCEBTESL LI, RN, PFO>RET,.qF,
To.q = q if 1<qs=m+3,
m+3 if m+3<gq,
0 it q=1. m+l shl/rel re? n+2
KA. 1Dtrssicf LT, ¥ 7 MRIEDHIIC, 2TOVF a— RBIEEH | n+2 shl/rel rel n+3
FTHENS LN, TOLHOHEIR MEEITALS. &4, HA (2)
2EALTVLFT a—RRELEDBBEOHED, HA (3) 2@HT 5B4S | n+3 | shl/re2/reld re2/re3 | mt3

KHRTIX I BDPEIEREOITHSE. Lih-T, BIRX LD

J
=
J
=

+

shl/re2/red

Ni-m,1====Ni-m,2====Ni-m,3===+++=Ni-m,ms1===-Ni-n,m+2 shl/rel

| ) ¥

Ni—mn,1--N\;-m+|.z--Ni-m41.3--~'-Na-m+|.m| shl/rel

A v ) . .
Ni-1,1====Ni-1,2=-=--Ni-1,3 shl/re2 BIA. 1 i+l (F2fZLlnt3icn+2) EHDa %27+ 43
I Ni.2 shl EAOTRS S DIKLE

A—FERDBIHIE, KA (2) 2FHT 3L F2—-2%2ZIZNE+THTH 3. £/, ARTHINALZTRS SOoHHD
B, ANXOESREELTWE0T, Chicd 3L Fa— 2 RF0HEaX F2EAhE+9TH3. 4, MA. 10D
Br#otrssicd LT, HEAI (2) REBVvFa—2BREE2—FHT &, TROZ>OH LivtrssBiE o5,

N1.1 Ni,2 Ni.3 coe==Ni,met Ni.me2 Ni.ms+3 n‘-’i,mu--'-“/-—Ns.i-l- ) S|
N2.1 N2.2 N2.3 R PR TY No.me2 ,«/ shl/re2/rel
.

Ni+m-2,1-=Ni-n-2,2==Ni-n-2,3==***~Ni-n-2.m+1=Ni-m-2,ms2
Ni-m-1.,1==Ni-n-1.2==Ni-n-1 .3“"“Ni-m—|,mﬂ“‘Yi-m-l,mvz shl/reZ

ERDtrssid, MA. 1 OHKALTEEL MO trssEBRMIC=—CE N3, kEXE, v7 FMREQERFI T, shixE-o
trssORXF w7 b oy TORESnITELVWHDORELTR—YEh 3, KA. 10BEXY v 27 ¢&, ERLAFHILEBRZ»D
trss®W, EDtrssit, 2797 b w TOHAOKRENuITH a2 o=—Vahs, 7L, HA. 1 kBB LAHABO
BNFHENBEEORAMCOSAMENRD I, v— VBEREE» S - >OHE TOMART (<Ni.iv1&X1.i>,
<Mi,i&Ni,i-1>, <Ni-n-1,me2&Ni-n-2.n02>) TIFAE IV, £FELSSHEHOHARBTLT (<N, i-1&Ni-2>F <
Ni-woms1 ENi-n-2.001>) @2 — YR, BHFHENEEFSOEAMCHAREABESKILLTHIDT, v - VRO C
THDY, Thll>—P2BEoFEIEY TED ZHBRIT WV,

DEOZEED S, relBffRO~— JICREHI S 3FHORHKEIF TOT—~POFREERTLE IO EBSP B, L
b, FNFho=— Pk, BHIFHSUBEESOECOERNELI+IBTNIEYTH I, S, v—PIBYHBEI R+
RiDdA—5TdHsd. —F, rel@F0RLITOI I, TOEMRE4IETHS. Las->T, LFa— 2B EE<— OB
e 2EMoB oA -2 i2Th 5. by, a™20ANXERBRT 20RETZHRITE IR FoA— 51,
Ti=2"2Q(i?)=Q(n¥) & pERE K.

WIcHA. 1 OREADOBINTITECBEBTSORI, &N, ;KHLT, 25isSnt30BAIKL, mdsjisi-10BEK 2,



isjsi+IOBSI, E1HifN,;2SkSi-n-l, 2SiSMDRHLTKkTH S, Lihi-7T, SBTHENATHORS
DRI FT & EES ORI, 1x(med)+24(i-n-0)+(n+2) (243+. .. +(i-n-1)) TH Y, TOF—Fki2Th3. Chid, &
RTEHENBAUAOHARETNIMITHEMBEBTEORMOL -5~ Z LWV, UEhS, ANXa " 248+ 2 4
DIELBIETRS SOEMOA—5ikn?Chb, £/, FRINZHF Y FHOBBOA ~ 5 — R’ ThH 2 o ENFERE 11

{18B YAGLRHEOLESH
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