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-/1/2 %3*& *& #(+' I2$I#"; H2, P#$ I2 71#5 %3/

VP Verb

VP Verb NP

VP VP PP

%&'()* !+ O#5/ $#&&*9+/ /:$!(&*#(& #7 ! I2,

FUNCTION top-down-parse (SENTENCE)

initialize STACK = [S]

DO

IF (top-element of STACK = non-terminal N) THEN

Select a rule N A B

Pop N from STACK

Push A B onto STACK

Add A B below N in the structure for the input

ELSE IF (top-element of STACK = pre-terminal P) THEN

Find next word W in SENTENCE

IF (there is a rule P W) THEN

Pop P from STACK

Add W below P in the structure for the input

ELSE

Fail.

ENDIF

ENDIF

UNTIL STACK = [] AND end of SENTENCE is reached.

RETURN PARSE-TREES

END top-down-parse

%&'()* $+ P&/4"#)#"/ 7#1 %#$8"#.( $!1&/1,

20"&'$*E F,#",'#C IJ\



&%!);, P4&3 I#"; !(" H2 #(%# %3/ &%!);, O%!);# SI#";
H2T

! O%/$ \H X*(" e+*;/&c *( %3/ *($4% !(" *()#1$#1!%/ *% *(%#
%3/ $!1&/ %1//, P#$ I#"; 71#5 %3/ &%!);, O%!);# SH2T

! O%/$ FH @$$+' %3/ 14+/& %3!% 3!0/ H2 #( %3/*1 Z-O,
-/1/2 %3*& *& #(+' H2$J#+ H)1$, P#$ H2 71#5 %3/
&%!);, P4&3 J#+ !(" H)1$ #(%# %3/ &%!);, O%!);# SJ#+
H)1$T

! O%/$ EH X*(" e%3/c !(" *()#1$#1!%/ *% *(%# %3/ $!1&/ %1//,
P#$ J#+ 71#5 %3/ &%!);, O%!);# SH)1$T

! O%/$ D]H X*(" e.#5!(c *( %3/ *($4% !(" *()#1$#1!%/ *%
*(%# %3/ $!1&/ %1//, P#$ H)1$ 71#5 %3/ &%!);, O%!);# S T

f(/ #7 %3/ !"0!(%!6/& #7 ! %#$8"#.( $!1&/1 *&
%3!% *% (/0/1 %1*/& %# 7#15 ! &%14)%41/ %3!% .*++ (/0/1
/(" 4$ 9/*(6 !( -2 9/)!4&/ *% &%!1%& 71#5 -, f(/ #7
%3/ "*&!"0!(%!6/& #7 ! %#$8"#.( $!1&/1 *& %3!% *%
)!( %1' %# 94*+" %1//& %3!% !1/ *()#(&*&%/(% .*%3 %3/
*($4%, <3*& "*" (#% 3!$$/( .*%3 #41 /:%1/5/+'
&*5$+*7*/" 61!55!1, -#./0/12 *7 ./ !+&# 3!" !

14+/ +*;/ H2$J#+ 3%M H)1$ C3%M#@"?/)%*0/G2 %3/
$!1&/1 )#4+" 3!0/ $1/"*)%/" ! &%14)%41/ %3!% *&
*()#(&*&%/(% .*%3 %3/ *($4%2 #(/ %3!% )#(%!*(& !(
@"?/)%*0/,

@(#%3/1 $1#9+/5 .*%3 %#$8"#.( !+6#1*%35& *&
+/7%81/)41&*#(, @ 61!55!1 *& +/7%81/)41&*0/ *7 *% 3!&
&#5/ Z-O %3!% )!( 9/ /:$!("/" %31#463 ! &/1*/& #7
14+/& &4)3 %3!% %3/ +/7% )#1(/1 #7 #(/ #7 %3/&/ /:$!(8
&*#(& *& %3/ &!5/ Z-O )!%/6#1', X#1 /:!5$+/2 *7 !
61!55!1 3!& ! 14+/ I2$I2 H22 %3/ $!1&/1 )#4+"
;//$ /:%/("*(6 %3/ +/7% )#1(/1 #7 *%& [-O2 I22 !("
6/% )!463% *( !( /("+/&& +##$2 !& &3#.( *( X*641/ K,

@=$$=A?"> -(#.*+,

N3/1/!& %#$8"#.( $!1&*(6 &%!1%& .*%3 %3/ 14+/&2
;)++)6K1= $!1&*(6 7*1&% +##;& !% %3/ *($4% !(" %3/(
%1*/& %# 7*(" 14+/& *( %3/ 61!55!1 %3!% !$$+' %# %3/
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*($4%, <3/ &%!); *( ! 9#%%#584$ $!1&/1 ;//$& %1!);
#7 .3!% 3!& 9//( 7#4(" &# 7!1 !(" .3!% &%*++ 3!& %#
9/ *(%/61!%/" *( ! $!1&/ %1//, <3/ 9#%%#584$ $!1&/1
)#(&*"/1/" 3/1/ )#(&*&%& #7 %.# 9!&*) &%/$& = $4&38
*(6 )!%/6#1*/& #( %3/ &%!); %3!% &%*++ (//" %# 9/
*(%/61!%/" *(%# %3/ *($4% &%14)%41/ C&4'7+G2 !(" !$8
$+'*(6 14+/& *( %3/ 61!55!1 %# %3/ )!%/6#1*/& #( %3/
&%!); C"#%1.#G, <3*& !+6#1*%35 *& %3/1/7#1/ !+&#
)!++/" &4'7+K"#%1.# $!1&*(6, <3/ $&/4"#)#"/ *(
X*641/ J &3#.& ! 9#%%#584$ &3*7%81/"4)/ !+6#1*%35
*( ! 6/(/1!+ 7#15,

>( %3/ 7#++#.*(62 ./ $1#0*"/ ! &%/$89'8&%/$
/:!5$+/ #7 3#. ! 9#%%#584$ &3*7%81/"4)/ $!1&/1
.#4+" $!1&/ %3/ &/(%/()/ e<3/ 5!( +*;/& %3/
.#5!(c2 !&&45*(6 %3/ 61!55!1 71#5 X*641/ D
C)7, X*641/ \GH

! O%/$ DH X*(" e%3/c !(" *%& +/:*)!+ )!%/6#1'2 J#+, P4&3 J#+
#(%# %3/ &%!);, O%!);# SJ#+T

! O%/$ LH X*(" e5!(c !(" *%& +/:*)!+ )!%/6#1'2 H)1$, P4&3
H)1$ #(%# %3/ &%!);, O%!);# SH)1$ J#+T

FUNCTION bottom-up-parse (SENTENCE)

Initialize STACK = []

DO

Find next word W in SENTENCE

Push P onto STACK

ENDIF

Pop from STACK

Push N onto STACK

Add N above A B in the structure for the input

ENDIF

UNTIL STACK = [S] AND end of SENTENCE is reached

RETURN PARSE-TREES

END bottom-up-parse

IF (there is a rule P W) THEN /* shift */

IF (nodes on STACK = right-hand side of rule N A B) THEN /* reduce */

%&'()* ,+ P&/4"#)#"/ 7#1 9#%%#584$ $!1&/1,

...
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%&'()* -+ ^("+/&& +##$ "4/ %# +/7%81/)41&*#( *( !
%#$8"#.( !+6#1*%35,
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! O%/$ aH @$$+' %3/ 14+/ H2$J#+ H)1$ %# %#$ #7 &%!);,
P#$ J#+ !(" H)1$ 71#5 %3/ &%!);, P4&3 H2 #(%# %3/
&%!);, O%!);# SH2T

! O%/$ IH X*(" e+*;/&c !(" *%& +/:*)!+ )!%/6#1'2 I#";, P4&3
I#"; #(%# %3/ &%!);, O%!);# SI#"; H2T

! O%/$ KH X*(" e%3/c !(" *%& +/:*)!+ )!%/6#1'2 J#+, P4&3 J#+
#(%# %3/ &%!);, O%!);# SJ#+ I#"; H2T

! O%/$ JH X*(" e.#5!(c !(" *%& +/:*)!+ )!%/6#1'2 H)1$,
P4&3 H)1$ #(%# %3/ &%!);, O%!);# SH)1$ J#+ I#"; H2T

! O%/$ \H @$$+' %3/ 14+/ H2$J#+ H)1$ %# %#$ #7 &%!);,
P#$ J#+ !(" H)1$ 71#5 %3/ &%!);, P4&3 H2 #(%# %3/
&%!);, O%!);# SH2 I#"; H2T

! O%/$ FH @$$+' %3/ 14+/ I2$I#"; H2 %# %#$ #7 &%!);,
P#$ I#"; !(" H2 71#5 %3/ &%!);, P4&3 I2 #(%# %3/
&%!);, O%!);# SI2 H2T

! O%/$ EH @$$+' %3/ 14+/ -$H2 I2 %# %#$ #7 &%!);, P#$
H2 !(" I2 71#5 %3/ &%!);, P4&3 - #(%# %3/ &%!);,
O%!);# S-T

@( !"0!(%!6/ #7 9#%%#584$ $!1&/1& *& %3!% %3/'
"# (#% $1/"*)% $!1&/ %1//& %3!% !1/ *()#(&*&%/(%
.*%3 %3/ *($4%, X41%3/15#1/2 4(+*;/ %#$8"#.(
$!1&/1&2 9#%%#584$ $!1&/1& )!((#% 6/% )!463% *( !(
/("+/&& +##$ *7 %3/ 61!55!1 )#(%!*(& +/7%81/)41&*0/

14+/&, @ "*&!"0!(%!6/ #7 9#%%#584$ $!1&/1& *& %3!%
%3/' )!( 6/(/1!%/ &%14)%41/& %3!% (/0/1 1/&4+% *(
!( -,

B&C$?D=#+&# -(#.*+,

/#7+K.)"$#" $!1&*(6 )#59*(/& &#5/ /+/5/(%& 71#5
9#%3 %#$8"#.( !(" 9#%%#584$ $!1&*(6, >( +/7%8
)#1(/1 $!1&*(62 #(+' 14+/& )#(&*&%/(% .*%3 %3/
*($4% !1/ $1/"*)%/", <3!% *&2 ! 14+/ *& #(+' $1/"*)%/"
C%#$8"#.(G *7 %3/ )411/(% *($4% C9#%%#584$G
5!%)3/& %3/ +/7%5#&% (#"/ C3/()/ +/7%8)#1(/1G #7
%3/ [-O #7 ! 14+/, >( +/7%8)#1(/1 $!1&*(62 ! &%!); *&
4&/" %# ;//$ %1!); #7 .3!% *($4% *& &%*++ (//"/" %#
)#5$+/%/ ! $1/"*)%/" 14+/,

Z/7%8)#1(/1 $!1&*(6 *& $!1%*)4+!1+' *(%/1/&%*(6
71#5 ! )#6(*%*0/ &)*/()/ $#*(% #7 0*/.2 9/)!4&/ *%
5*11#1& 345!( $/17#15!()/ *( $!1&*(6 5#1/
)+#&/+' %3!( $41/ %#$8"#.( #1 9#%%#584$ $!1&/1&,
M#(&*"/1 %3/ 7#++#.*(6 &/(%/()/&H

U#3(c& 91#%3/1c& "#6c& %!*+ 7/++ #77! !I"

/012* "+ P/17#15!()/ #7 $!1&*(6 !+6#1*%35& !(" 345!(& )#5$!1/"

=*&(*&1* $(#51(5#*

>*-(72#"&1)%&' <*&(*#7*/2*..*. ?%')(72#"&1)%&'

!"#$% &'()* "+,-.+/0 102+10.). 102+10.). 2+10.).

!"#$% &'()* 2+""+3-1, 2+10.). 102+10.). 102+10.).

!"#$% &'()* 4)5"-$+60)6 2+10.). 102+10.). 2+10.).

76+$)&&'08 5+6 913#0& )#&: 9#6. )#&:

FUNCTION left-corner-parse (SENTENCE)
Initialize STACK = [S]
DO

Find next word W in SENTENCE
IF (there is a rule P W) THEN

IF ((top-element of STACK = non-terminal N) AND ( P = left-corner
of rule R A B)) THEN

Pop N from STACK
Push B onto STACK

ELSE IF ((STACK = []) AND (P = left-corner of rule R A B)) THEN
Push B onto STACK

ENDIF
ELSE

Fail.
ENDIF

UNTIL STACK = [] AND end of SENTENCE is reached
RETURN PARSE-TREES

END left-corner-parse

%&'()* 3+ P&/4"#)#"/ 7#1 +/7%8)#1(/1 $!1&/1,

I\] 20"&'$*E F,#",'#C



<3/ "#6 )3!&/" %3/ )!% %3!% )!463% %3/
5#4&/ %3!% &d4/!;/"! !K"

<3/ 5#4&/ %3!% %3/ )!% %3!% %3/ "#6 )3!&/"
)!463% &d4/!;/"! !J"

O/(%/()/ CIG 3!& ! 9#7+K;"0$.4'$* &%14)%41/2 CKG !
"'*4+K;"0$.4'$* &%14)%41/2 !(" CJG ! .#$+#"K#6;#%%#%
&%14)%41/, -45!(& "# (#% 3!0/ "*77*)4+%' 4("/18
&%!("*(6 &/(%/()/& .*%3 +/7%891!()3*(6 &%14)%41/&
+*;/ CIG #1 .*%3 1*63%891!()3*(6 &%14)%41/& +*;/ CKG,
-#./0/12 &/(%/()/& .*%3 )/(%/18/59/""/" &%14)8
%41/& +*;/ CJG !1/ 3!1" 7#1 345!(& %# $1#)/&&2 *(
&$*%/ #7 %3/ 7!)% %3!% CJG 3!& 0*1%4!++' %3/ &!5/
5/!(*(6 !& CKG, >% *& $+!4&*9+/ %3!% %3/ "*77*)4+%' *(
)/(%/18/59/""/" &%14)%41/& +*;/ CJG 3!& %# "# .*%3
%3/ d4!(%*%' #7 &%#1!6/ &$!)/ %3!% *& 1/d4*1/" %#
$!1&/ %3/5, <!9+/ D &3#.& ! )#5$!1*&#( 9/%.//(
%3/ $1#)/&&*(6 )#5$+/:*%'2 7#1 345!(&2 #7 "*77/1/(%
&%14)%41!+ %'$/&2 !(" %3/ &%#1!6/ &$!)/ 7#1 "*77/1/(%
$!1&*(6 !+6#1*%35&,

<!9+/ D &3#.& %3!% %3/ &%!); &*Y/ *( ! +/7%8)#1(/1
$!1&*(6 !+6#1*%35 5*11#1& 345!( $/17#15!()/2
94% (#% *( ! %#$8"#.( #1 ! 9#%%#584$ !+6#1*%35,
<34&2 +/7%8)#1(/1 $!1&*(6 !+6#1*%35& !1/ 5#1/ $&'8
)3#+#6*)!++' $+!4&*9+/ %3!( %#$8"#.( #1 9#%%#584$
$!1&*(6 !+6#1*%35&,

<3/ $&/4"#)#"/ *( X*641/ F &3#.& ! +/7%8)#1(/1
!+6#1*%35 *( ! 6/(/1!+ 7#15,

-/1/ *& ! &%/$89'8&%/$ /:!5$+/ $!1&/ #7 %3/ &/(8
%/()/ e<3/ 5!( +*;/& %3/ .#5!(c C)7, X*641/ EGH

! O%/$ DH X*(" e%3/c !(" *%& +/:*)!+ )!%/6#1'2 J#+,
O%!);# S-T

! O%/$ LH @$$+' %3/ 14+/H2$J#+ H)1$, P4&3 H)1$ #(%#
%3/ &%!);, O%!);# S- H)1$T

! O%/$ aH X*(" e5!(c !(" *%& +/:*)!+ )!%/6#1'2 H)1$, P#$
H)1$ 71#5 %3/ &%!);, O%!);# S-T

! O%/$ IH @$$+' %3/ 14+/ -$H2 I2, P4&3 I2 #(%# %3/
&%!);, O%!);# SI2T

! O%/$ KH X*(" e+*;/&c !(" *%& +/:*)!+ )!%/6#1'2 I#";, P#$
I2 71#5 %3/ &%!);, O%!);# S T

! O%/$ JH @$$+' %3/ 14+/ I2$I#"; H2, P4&3H2 #(%# %3/
&%!);, O%!);# SH2T

! O%/$ \H X*(" e%3/c !(" *%& +/:*)!+ )!%/6#1'2 J#+, P#$ H2
71#5 %3/ &%!);, O%!);# S T

! O%/$ FH @$$+' %3/ 14+/H2$J#+ H)1$, P4&3 H)1$ #(%#
%3/ &%!);, O%!);# SH)1$T

! O%/$ EH X*(" e.#5!(c !(" *%& +/:*)!+ )!%/6#1'2 H)1$,
P#$ H)1$ 71#5 %3/ &%!);, O%!);# S T

E&()?D=#+&# -(#.*+,

:#0%K.)"$#" $!1&*(6 *& ! 6/(/1!+*Y!%*#( #7 +/7%8
)#1(/1 $!1&*(6, >( +/7%8)#1(/1 $!1&*(62 #(/ +##;&
7#1 %3/ +/7%8)#1(/1 #7 %3/ [-O #7 ! 14+/ %# 5!;/
%#$8"#.( $1/"*)%*#(&, >( 3/!"8)#1(/1 $!1&*(62 #(/
+##;& 7#1 %3/ 3/!" #7 ! 14+/, [#463+' &$/!;*(62 %3/

3/!" #7 ! 14+/ *& %3/ .#1" !% %3/ &/5!(%*) )#1/ #7
%3!% 14+/, X#1 /:!5$+/2 *( %3/ 14+/ H2$J#+ H)1$>
H)1$ *& !% %3/ &/5!(%*) )#1/, <34&2 _#4( *& %3/
3/!" #7 _P, <3/ *"/! 9/3*(" +##;*(6 !% %3/ 3/!"
#7 ! 14+/ 7*1&% *& %3!% *% )#(%!*(& ! +#% #7 4&/74+ *(7#18
5!%*#( C&4)3 !& &49)!%/6#1*Y!%*#(2 %3/5!%*) 1#+/&2
/%),G .3*)3 )!( !++#. 7#1 9/%%/1 %#$8"#.( $1/"*)8
%*#(&, X#1 *(&%!()/2 %3/ +/:*)!+ /(%1' 7#1 ! 0/192
.3*)3 *& %3/ 3/!" #7 ! hP2 )#(%!*(& *(7#15!%*#(
!9#4% .3!% _P& #1 PP& !1/ (//"/" %# 7#15 ! )#58
$+/%/ hP, @& !( /:!5$+/2 )#(&*"/1 %3/ 0/19 e+*;/c, >%&
+/:*)!+ /(%1' .#4+" )#(%!*( %3/ *(7#15!%*#( %3!% *(
#1"/1 %# 7#15 ! )#5$+/%/ hP2 *% (//"& !( _P %3!%
"/(#%/& &#5/#(/ #1 &#5/%3*(6 %3!% *& +*;/", <3/&/
!""*%*#(!+ *%/5& !1/ )!++/" 0"*16#$+&,

-!0*(6 &4)3 *(7#15!%*#( !9#4% 3/!"=!1645/(%
1/+!%*#(& !0!*+!9+/ )!( *5$1#0/ %3/ /77*)*/()' #7
$!1&*(6 +!(64!6/& &4)3 !& U!$!(/&/ #1 A/15!(2
.3#&/ .#1" #1"/1 *& +/&& )#(&%1!*(/" %3!( %3!% #7
^(6+*&3, M#(&*"/1 &/(%/()/ C\GH

<3/ 5!( +*;/& %3/ .#5!(! !\"

>( A/15!(2 %3*& &/(%/()/ 5*63% !+&# 9/ .1*%%/( !&

<3/ .#5!( +*;/& %3/ 5!(! !F"

5/!(*(62 e%3/ 5!( +*;/& %3/ .#5!(c, <3/ &49?/)%
!(" #9?/)% _P& !1/ "*&%*(64*&3/" 9' 5#1$3#+#6*)!+
)!&/ 5!1;*(6 *( A/15!(, <# 9/ !9+/ %# $!1&/ C\G !&
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./++ !& CFG )#11/)%+'2 ! +/7%8)#1(/1 $!1&*(6 !+6#1*%35

.#4+" (//" %.# &/%& #7 14+/&, <3/1/ .#4+" 3!0/ %#
9/ #(/ &/% #7 14+/& 7#1 C\G %3!% *()+4"/& -$H2 I2
!(" I2$I#"; H2, @(#%3/1 &/% #7 14+/& 7#1 CFG
.#4+" 3!0/ %# *()+4"/ -$I2 H2 !(" I2$H2
I#";, @ 3/!"8)#1(/1 $!1&*(6 !+6#1*%35 "#/& (#%
1/d4*1/ &4)3 ! )#5$+/: 61!55!1, >% *& /(#463 %#

3!0/ #(/ &/% #7 14+/& %3!% *()+4"/& -$H2 I2 !("
I2$I#"; H2, f()/ ! 3/!"8)#1(/1 $!1&/1 3!&
7#4(" %3/ 3/!" #7 %3/ hP2 e+*;/&c2 *% )!( +##; 7#1
%3/ !1645/(% #7 %3*& 3/!", <3*& )!( 9/ "#(/ 9*"*18
/)%*#(!++' = +/7%8%#81*63% #1 1*63%8%#8+/7% = &# %3!%
.#1" #1"/1 "#/& (#% 5!%%/1, <3/ &!5/ !$$+*/& %#
%3/ 14+/ -$H2 I2,

STRUCTURE EDGE {

CATEGORY

CHILDREN

LEFT-END

RIGHT-END

REQUIRED-CATEGORIES

}

FUNCTION chart-parse (SENTENCE) /* the top-level function */

initialize-chart SENTENCE, returning CHART-ACTIVES, CHART-INACTIVES,

PARSE-TREE

IF ((CHART-INACTIVES contains node S) AND (distance (left-corner (node S)

AND to right-corner (node S)) = length (SENTENCE))) THEN

RETURN PARSE-TREES

ENDIF

END chart-parse

FUNCTION initialize-chart (SENTENCE)

FOR (all words W in SENTENCE) DO

add-new-edge LEXICAL-ENTRY (W)

END

RETURN (PARSE-TREE, CHART-ACTIVES, CHART-INACTIVES)

END initialize-chart

FUNCTION add-new-edge (EDGE)

IF (EDGE = inactive) THEN

FOR (all CHART-ACTIVES) DO

fundamental-rule EDGE, CHART-ACTIVES

add EDGE to CHART-INACTIVES

add-null-active-edges EDGE

END

ELSE IF (EDGE = active) THEN

FOR (all CHART-INACTIVES) DO

fundamental rule EDGE, CHART-INACTIVES

add EDGE to CHART-ACTIVES

END

ENDIF

END add-new-edge
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@& 5/(%*#(/" *( %3/ *(%1#"4)%*#(2 345!( +!(8
64!6/& !1/ /:%1/5/+' !59*64#4&, <3/ $!1&*(6
&%1!%/6*/& "*&)4&&/" &# 7!1 !1/ 0/1' *(/77*)*/(% !%
3!("+*(6 !59*64*%'2 .3/%3/1 %3/' 4&/ ! &/1*!+ !$8
$1#!)3 #1 ! $!1!++/+ !$$1#!)3, M#(&*"/1 %3/
7#++#.*(6 &/(%/()/H

<3/ %!++ 5!( .*%3 91#.( 3!*1 &!. %3/ &3#1%
.#5!( .*%3 9+#(" 3!*1! !E"

[/5/59/1 %3!% e&!.c *& !59*64#4& 9/%.//( !
H)1$81/!"*(6 C! %##+G !(" ! I#";81/!"*(6 C$!&%
%/(&/ #7 e&//cG, <3*& 5/!(& %3!% e%3/ %!++ 5!( .*%3
91#.( 3!*1c .#4+" 3!0/ %# 9/ $1#)/&&/" %.*)/ =
#()/ 7#1 %3/ H)1$8 !(" #()/ 7#1 %3/ I#";81/!"*(6 =
!+%3#463 %3*& &/65/(% 6/%& %3/ &!5/ &%14)%41/ *(
9#%3 $!1&/&, >( 1/!+*&%*) +!16/8&)!+/ !$$+*)!%*#(&
.*%3 9*6 61!55!1&2 %3*& )!( +/!" %# /77*)*/()' $1#98
+/5& %3!% $!1!+'&/ %3/ .3#+/ !$$+*)!%*#(,

@ .!' #4% #7 %3*& &*%4!%*#( *& %# 6*0/ %3/ $!1&/1 !
5/5#1', N*%3 ! 5/5#1'2 %3/ $!1&/1 )!( ;//$ !
1/)#1" #7 !++ %3/ $!1&/& *% 3!& !%%/5$%/" &# 7!12
!(" +##; %3/5 4$ *(&%/!" #7 1/$!1&*(6 %3/5, >(
$!1&*(62 &4)3 ! 5/5#1' *& )!++/" .40"+, <3/ )3!1%

;//$& ! 1/)#1" #7 $!1%*!++' !& ./++ !& )#5$+/%/+'
$!1&/" 14+/& 71#5 %3/ 61!55!1, >( ! )3!1%2 %3/&/
14+/& !1/ )!++/" #%*#&, P!1%*!++' $!1&/" /"6/& !1/
)!++/" '$.)6=9#+# #1 0.+',#, M#5$+/%/+' $!1&/"
/"6/& !1/ )!++/" .)6=9#+# #1 '$0.+',#, f()/ !( /"6/
*& /(%/1/" *(%# %3/ )3!1%2 *% &%!'& %3/1/, <3*& *& 9/8
)!4&/ ./ .!(% %# ;//$ ! 1/)#1" #7 !++ $#&&*9+/
$!1&/& #7 ! &/(%/()/2 %# 7!)*+*%!%/ 9!);%1!);*(6, <3/
7#++#.*(6 *(7#15!%*#( !9#4% !++ /"6/& C9#%3 !)%*0/
!(" *(!)%*0/G *& )#(%!*(/" *( ! )3!1%H

! %3/ &'(%!)%*) )!%/6#1' #7 %3/ /"6/2 /,6, H2
! .3/1/ *( %3/ &/(%/()/ %3/ /"6/ 9/6*(& C%3/ 9#7+ #$%G
! .3/1/ *( %3/ &/(%/()/ %3/ /"6/ /("& C%3/ "'*4+ #$%G
! $#*(%/1& %# 741%3/1 *(!)%*0/ /"6/&2 /,6, %# J#+ H)1$ 7#1
H2

! <3/ 7#++#.*(6 *(7#15!%*#( *& !+&# *()+4"/" 7#1 !)%*0/
/"6/&H ! +*&% #7 .3!% )!%/6#1*/& !1/ &%*++ (//"/" %#
)#5$+/%/ %3/ !)%*0/ /"6/ C%# 5!;/ *% *(!)%*0/G,

@ )3!1% $!1&/1 74()%*#(& 9' )#59*(*(6 !)%*0/
/"6/& .*%3 *(!)%*0/ /"6/& 0*! %3/ @1$%06#$+09
L19#, <3/ X4("!5/(%!+ [4+/ +##;& 7#1 5!%)3/& 9/8
%.//( )!%/6#1*/& %3!% !1/ (//"/" *( !( !)%*0/ /"6/
!(" %3/ &/% #7 *(!)%*0/ C)#5$+/%/G /"6/&, >( #1"/1
%# &%!1% ! $!1&/2 #(/ 3!& %# &$/)*7' ! %#$8"#.(
#1 9#%%#584$ &%1!%/6', <3*& *& !))#5$+*&3/" 9'

FUNCTION fundamental-rule (ACTIVE-EDGE, INACTIVE-EDGE)

IF ((left-end of INACTIVE-EDGE matches right-end of ACTIVE-EDGE) AND

(INACTIVE-EDGE satisfies first category requirement of ACTIVE-EDGE))

THEN

NEW-EDGE = INACTIVE-EDGE incorporated in ACTIVE-EDGE

IF (NEW-EDGE = active) THEN

add NEW-EDGE to CHART-ACTIVES

ELSE IF (NEW-EDGE = inactive) THEN

add NEW-EDGE to CHART-INACTIVES

ENDIF

ENDIF

END fundamental-rule

FUNCTION add-null-active-edges (INACTIVE-EDGE)

FOR (each rule from GRAMMAR whose rhs is initiated by INACTIVE-EDGE) DO

NEW-ACTIVE-EDGE = rule in GRAMMAR with rhs initiated by INACTIVE-

EDGE

add-new-edge NEW-ACTIVE-EDGE

END

END add-null-active-edges

%&'()* "5+ P&/4"#)#"/ 7#1 )3!1% $!1&/1,

20"&'$*E F,#",'#C I\a
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7#1 %3/ .#1"& *( %3/ &/(%/()/ C9#%%#584$G, <3/
!+6#1*%35 $1/&/(%/" *( X*641/ D] 4&/& ! 9#%%#58
4$ &%1!%/6',

`41*(6 %3/ $!1&/2 .3/( ! 5!%)3 *& 7#4("2 ! (/.
/"6/ *& )#(&%14)%/" 9' !""*(6 %3/ *(!)%*0/ /"6/ %#

%3/ )#(%/(%& #7 %3/ !)%*0/ /"6/, <3/ #1*6*(!+ /"6/&
!1/ +/7% *( %3/ )3!1% %# !++#. 1/!(!+'&*&, <3/ /"6/& *(
%3/ )3!1% !1/ +!9/+/" !& 7#++#.&H

%)!%/6#1'&"%.3!% *& !+1/!"' %3/1/&! %.3!% *&
&%*++ (//"/"&

^:!5$+/&H

! - NH2O I2H )!%/6#1' *& O2 !( _P 3!& 9//( $1#)/&&/"
!+1/!"'2 ! hP *& &%*++ (//"/"2 &# %3/ /"6/ *& !)%*0/,

! H2 NJ#+ H)1$, H )!%/6#1' *& _P2 ! `/% !(" ! _#4( 3!0/
!+1/!"' 9//( $1#)/&&/"2 &# %3/ /"6/ *& *(!)%*0/,

@)%*0/ /"6/& !1/ $1*(%/" !9#0/ %3/ .#1"&2 *(!)%*0/
/"6/& 9/+#., X41%3/15#1/2 %3/1/ !1/ &#+*" )*1)+/&
%3!% "/(#%/ &%!6/& #7 %3/ $!1&/1,

-/1/ *& ! &%/$89'8&%/$ /:!5$+/2 $!1&*(6 %3/ &/(8
%/()/ e<3/ 5!( +*;/& %3/ .#5!(c C)7, X*641/& DD=LDg
%# ;//$ %3/ 7*641/& +/6*9+/2 #(+' %3/ 5#1/ *5$#1%!(%
/"6/& !1/ &3#.(GH

! O%/$ DH X*(" e%3/c !(" *%& +/:*)!+ )!%/6#1'2 J#+, P4&3 !(
*(!)%*0/ /"6/2 SJ#+R %3/ ,T2 #(%# )3!1%8*(!)%*0/&, M3!1%8
!)%*0/&# S T2 )3!1%8*(!)%*0/&# SJ#+R %3/ ,T

! O%/$ LH B!;/ (4++8!)%*0/8/"6/2 SH2 N O J#+ H)1$T, M3!1%8
!)%*0/&# SH2 N OJ#+H)1$T2 )3!1%8*(!)%*0/&# SJ#+R %3/ ,T

! O%/$ aH @$$+' X4("!5/(%!+ [4+/ %# *(!)%*0/ /"6/2
SJ#+R %3/ ,T2 !(" *()#1$#1!%/ *% *(%# (4++8!)%*0/8/"6/2
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SH2 N O J#+ H)1$T, P4&3 !)%*0/ /"6/2 SH2R %3/ , H)1$T2
#(%# )3!1%8!)%*0/&, M3!1%8!)%*0/&# SSH2R %3/ , H)1$T
SH2 N O J#+ H)1$TT2 )3!1%8*(!)%*0/&# SJ#+R %3/ ,T

! O%/$ IH X*(" e5!(c !(" *%& +/:*)!+ )!%/6#1'2 H)1$, P4&3
!( *(!)%*0/ /"6/2 SH)1$R5!( ,T2 #(%# )3!1%8*(!)%*0/&,
@$$+' X4("!5/(%!+ [4+/ %# *(!)%*0/ /"6/2 SH)1$R
5!( ,T2 !(" *()#1$#1!%/ *% *(%# !)%*0/ /"6/2 SH2 NJ#+ O
H)1$T, P4&3 *(!)%*0/ /"6/2 SH2 NJ#+ H)1$,T2 #(%# )3!1%8
*(!)%*0/&, M3!1%8!)%*0/&# SSH2R %3/ , H)1$T SH2 N O J#+
H)1$TT2 )3!1%8*(!)%*0/&# SSH2R %3/ 5!( ,T SH)1$R
5!( ,T SJ#+R %3/ ,TT

! O%/$ KH B!;/ (4++8!)%*0/8/"6/2 S- N O H2 I2T, M3!1%8
!)%*0/&# SS- N O H2 I2T SH2R %3/ , H)1$T SH2 N O J#+
H)1$TT2 )3!1%8*(!)%*0/&# SSH2R %3/ 5!( ,T SH)1$R
5!( ,T SJ#+R %3/ ,TT

! O%/$ JH @$$+' X4("!5/(%!+ [4+/ %# *(!)%*0/ /"6/2
SH2R %3/ 5!( ,T2 !(" *()#1$#1!%/ *% *(%# !)%*0/ /"6/2
S- N O H2 I2T, P4&3 !)%*0/ /"6/2 S-R %3/ 5!( , I2T2 #(%#
)3!1%8!)%*0/&, M3!1%8!)%*0/&# SS-R %3/ 5!(, I2T S- N O
H2 I2T SH2R %3/ ,H)1$T SH2 N O J#+ H)1$TT2 )3!1%8*(!)8
%*0/&# SSH2R %3/ 5!( ,T SH)1$R5!( ,T SJ#+R %3/ ,TT

! O%/$ \H X*(" e+*;/&c !(" *%& +/:*)!+ )!%/6#1'2 I#";, P4&3
!( *(!)%*0/ /"6/2 SI#";R +*;/& ,T2 #(%# )3!1%8*(!)%*0/&,
M3!1%8!)%*0/&# SS-R %3/ 5!( , I2T S- N O H2 I2T SH2R
%3/ ,H)1$T SH2 N O J#+ H)1$TT2 )3!1%8*(!)%*0/&# SSI#";R
+*;/& ,T SH2R %3/ 5!( ,T SH)1$R5!( ,T SJ#+R %3/ ,TT

! O%/$ FH B!;/ (4++8!)%*0/8/"6/2 SI2 N O I#"; H2T, M3!1%8
!)%*0/&# SSI2 N O I#"; H2T S-R %3/ 5!( , I2T S- N O H2
I2T SH2R %3/ , H)1$T SH2 N O J#+ H)1$TT2 )3!1%8*(!)%*8
0/&# SSI#";R +*;/& ,T SH2R %3/ 5!( ,T SH)1$R5!( ,T
SJ#+R %3/ ,TT

! O%/$ EH @$$+' X4("!5/(%!+ [4+/ %# *(!)%*0/ /"6/2
SI#";R +*;/& ,T2 !(" *()#1$#1!%/ *% *(%# !)%*0/ /"6/2
SI2 N O I#"; H2T, P4&3 !)%*0/ /"6/2 SI2R +*;/& , H2T2
#(%# )3!1%8!)%*0/&, M3!1%8!)%*0/&# SSI2R +*;/& , H2T
SI2 N O I#"; H2T S-R %3/ 5!( , I2T S- N O H2 I2T SH2R
%3/ ,H)1$T SH2 N O J#+ H)1$TT2 )3!1%8*(!)%*0/&# SSI#";R
+*;/& ,T SH2R %3/ 5!( ,T SH)1$R5!( ,T SJ#+R %3/ ,TT

! O%/$ D]H P!1&/H2 e%3/ .#5!(c2 &*5*+!1 %#H2 e%3/ 5!(c
C)7, &%/$& D=IG, M3!1%8!)%*0/&# SSH2R %3/ , H)1$T SH2 N O
J#+ H)1$T SI2R +*;/& , H2T SI2 N O I#"; H2T S-R %3/
5!( , I2T S- N O H2 I2T SH2R %3/ , H)1$T SH2 N O J#+
H)1$TT2 )3!1%8*(!)%*0/&# SSH2R %3/ .#5!( ,T SH)1$R
.#5!( ,T SJ#+R %3/ ,T SI#";R +*;/& ,T SH2R %3/ 5!( ,T
SH)1$R5!( ,T SJ#+R %3/ ,TT

! O%/$ DDH @$$+' X4("!5/(%!+ [4+/ %# *(!)%*0/ /"6/2
SH2R %3/ .#5!( ,T2 !(" *()#1$#1!%/ *% *(%# !)%*0/
/"6/2 SI2R +*;/& , H2T, P4&3 *(!)%*0/ /"6/2 SI2R +*;/&
%3/ .#5!( ,T2 #(%# )3!1%8*(!)%*0/&, @$$+' X4("!5/(8
%!+ [4+/ %# *(!)%*0/ /"6/2 SI2R +*;/& %3/ .#5!( ,T2 !("
*()#1$#1!%/ *% *(%# !)%*0/ /"6/2 S-R %3/ 5!( , I2T, P4&3
*(!)%*0/ /"6/2 S-R %3/ 5!( +*;/& %3/ .#5!( ,T2 #(%#
)3!1%8*(!)%*0/&, M3!1%8!)%*0/&# SSH2R %3/ , H)1$T
SH2 N O J#+ H)1$T SI2R +*;/& , H2T SI2 N O I#"; H2T S-R
%3/ 5!( , I2T S- N O H2 I2T SH2R %3/ , H)1$T SH2 N O J#+
H)1$TT2 )3!1%8*(!)%*0/&# SS-R %3/ 5!( +*;/& %3/
.#5!( ,T SI2R +*;/& %3/ .#5!( ,T SH2R %3/ .#5!( ,T
SH)1$R.#5!( ,T SJ#+R %3/ ,T SI#";R +*;/& ,T SH2R %3/
5!( ,T SH)1$R5!( ,T SJ#+R %3/ ,TT
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P!1&*(6 = "/%/15*(*(6 %3/ &%14)%41/ #7 ! &/(%/()/2
6*0/( ! 61!55!1 = *& ! )14)*!+ !&$/)% #7 /&%!9+*&3*(6
5/!(*(6 *( +!(64!6/ $1#)/&&*(6, <3/1/ !1/ %.#
9!&*) &/%& #7 )#(&%1!*(%& *( $!1&*(6, f(/ &/% #7 )#(8
&%1!*(%& *& %#$8"#.(H %3/ 14+/& *( %3/ 61!55!1

)#(&%1!*( .3*)3 &%14)%41/& &/(%/()/& )!( 3!0/ *( !
6*0/( +!(64!6/, <3/ #%3/1 &/% #7 )#(&%1!*(%& *&
9#%%#584$H %3/ *($4% &/(%/()/ %# %3/ !+6#1*%35
)#(&%1!*(& .3*)3 14+/& 71#5 %3/ 61!55!1 )!(
!$$+', P!1&*(6 !+6#1*%35& "*77/1 .*%3 1/&$/)% %# %3/
)#(&%1!*(%& %3/' 4&/ 5#1/ $1#5*(/(%+'H 9#%%#584$2
%#$8"#.(2 #1 ! )#59*(!%*#( #7 9#%3 C+/7%8 !(" 3/!"8
)#1(/1G,

@( *5$#1%!(% *&&4/ *( $!1&*(6 *& /77*)*/(%+' "/!+8
*(6 .*%3 &%14)%41!+ !(" +/:*)!+ !59*64*%*/&, >( !(
!59*64*%'2 *7 %3/ +!%/1 "*&)#(7*15/" !+%/1(!%*0/
1/!"*(6 *& $41&4/" *(*%*!++'2 ! &%!("!1" $!1&/1 3!&
%# 9!);%1!); !(" 1/8$!1&/ $!1%& #7 %3/ *($4% &/(8
%/()/, [/8$!1&*(6 )!( 9/ !0#*"/" 9' 4&*(6 ! )3!1%2 !
"!%! &%14)%41/ %3!% &%#1/& $!1%*!++' $!1&/" *($4%2 &#
%3!% *% )!( 9/ +##;/" 4$ "41*(6 9!);%1!);*(6,

!"#$%&# '&()*+,

@9(/' OP !(" U#3(&#( B CDEEDG B/5#1' 1/d4*1/5/(%&
!(" +#)!+ !59*64*%*/& #7 $!1&*(6 &%1!%/6*/&, ?)1"$09 )7
2&8.4)9'$*1'&+'. L#&#0".4 !5Ca]GH Laa=LK],

@3# @h !(" V++5!( U` CDE\LG !4# !4#)"8 )7 20"&'$*>
!"0$&90+')$> 0$% ()6='9'$*2 0#+, DH P!1&*(6, ^(6+/.##"
M+*77&2 _UH P1/(%*)/8-!++,

M1#);/1 B CDEEEG B/)3!(*&5& 7#1 &/(%/()/ $1#)/&&*(6,
>(H A!11#" OM !(" P*);/1*(6 B C/"&G /0$*10*#
2").#&&'$*, Z#("#(2 VWH P&')3#+#6' P1/&&,

`#.%' `2 W!1%%4(/( Z !(" i.*);' @ C/"&G CDEFKGH0+1"09
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