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. Agenda :: Einfithrung

Einfuhrung

Symbolischer Parser
Bottom-Up-Parser

Chartparser

(zugrundeliegende Datenstruktur: Chart)
Regeln mussen in Chomsky-Normalform vorliegen

Dynamische Programmierung:
zerlegt Problem in Unterprobleme, berechnet Losung

rekursiv -> jedes Teilproblem nur einmal

Komplexitat: O(n°)



. CKY :: Eingabe

Grammatik
LEXIKON REGELN
intr — {sleep, fish} S — N intr
trans  — {study, visit} intr — trans N
N — {they, cans, fish} intr — intr PP
prep  — {in, by, with} N N PP
PP — prep N

Regeln mussen in Chomsky-Nomalform vorliegen




. CKY :: Eingabe

“They study fish in cans.”

Ambiguitat?



:: Eingabe

Syntaxbaume
S S
intr intr
N
PP intr PP
N trans N prepAN N tra nsAN pre/p\N

They study fish in cans They study  fish in cans



. CKY :: Code 7/61

Variablen

=N Anzahl der Worter

= S Position

= W Wort, das an Position s beginnt

= | Lange des Wortes

= Schranke, die Wort in zwei Teile teilt
They  study fish In cans
W W W W W

1 2 3 4 )



. CKY :: Code

ALGORITHMUS

O 0 J o O b w N =

chart[.,.,.]:= FALSE;
for each s:=1, ... ,n do

for each A - wg do

chart|[s,A, s+1] :=TRUE;

for each 1:=2, ... ,n do
for each s:=1, ... ,n+l-1
for each t:=1, ... ,1-1 do
for each A - B C do
chart[s,A,s+l] := chart[s,A,s+l] v

chart|[s,B,s+t] A chart[s+t,C,s+1]




LEXIKON

intr — {sleep, fish}
trans  — {study, visit}
N — {they, cans, fish}

prep  — {in, by, with}

W 0 J o O b W DN =

(@)

1 2 3 4 5 6
chart([.,.,.]:= FALSE; ALGORITHMUS
for each s:=1, ... ,n do

for each A - wg do

chart[s,A,s+1] :=TRUE;

for each 1:=2, ... ,n do
for each s:=1, ... ,n+l1-1
for each t:=1, ... ,1-1 do
for each A - B C do
chart[s,A,s+1l]:= chart[s,A,s+1l] v

chart([s,B,s+t] N\ chart[s+t,C,s+1]




LEXIKON

intr — {sleep, fish}
trans  — {study, visit}
N — {they, cans, fish}

prep  — {in, by, with}

W 0 J o O b W N

(@)

1 2 3 4 5 6
chart([.,.,.]:= FALSE; ALGORITHMUS
for each s:=1, ... ,n do s:= 1

for each A - wg do

chart[s,A,s+1] :=TRUE;

for each 1:=2, ... ,n do
for each s:=1, ... ,n+l1-1
for each t:=1, ... ,1-1 do
for each A - B C do
chart[s,A,s+1l]:= chart[s,A,s+1l] v

chart([s,B,s+t] N\ chart[s+t,C,s+1]




W cky 11/61

3. N— {they, cans, fish} LEXIKON
4. c[1,N,2] := TRUE

intr — {sleep, fish}
s trans  — {study, visit}

N — {they, cans, fish}
=4 prep  — {in, by, with}
| =3
| =2
=1 1,N,2

1 2 3 4 5 6

1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do s:= 1
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




LEXIKON

intr — {sleep, fish}
trans  — {study, visit}
N — {they, cans, fish}

prep  — {in, by, with}

W 0 J o O b W N

(@)

1,N,?2
1 2 3 4 5 6
chart([.,.,.]:= FALSE; ALGORITHMUS
for each s:=1, ... ,n do s:= 2

for each A - wg do

chart[s,A,s+1] :=TRUE;

for each 1:=2, ... ,n do
for each s:=1, ... ,n+l1-1
for each t:=1, ... ,1-1 do
for each A - B C do
chart[s,A,s+1l]:= chart[s,A,s+1l] v

chart([s,B,s+t] N\ chart[s+t,C,s+1]




LEXIKON

3. trans — {study, visit, fish}

4. c[2,trans,3] := TRUE
intr — {sleep, fish}
trans  — {study, visit}
N — {they, cans, fish}

prep  — {in, by, with}

1,N, 2 2, trans, 3

for each A - B C do
chart[s,A,s+1l]:= chart[s,A,s+1l] v
chart([s,B,s+t] N\ chart[s+t,C,s+1]

1 2 3 4 5 6
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do S:= 2
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ... ,1-1 do
8.
9.
1




LEXIKON

intr — {sleep, fish}
trans  — {study, visit}
N — {they, cans, fish}

prep  — {in, by, with}

1,N,?2 2, trans, 3

(@)

1 2 3 4 5 6
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do s:= 3
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
1

chart([s,B,s+t] N\ chart[s+t,C,s+1]




LEXIKON

3. intr— {sleep, fish}

4. c[3,intr,4] .= TRUE
intr — {sleep, fish}
trans  — {study, visit}
N — {they, cans, fish}

prep  — {in, by, with}

1N, 2 2, trans, 3 3, intr, 4

for each A - B C do
chart[s,A,s+1l]:= chart[s,A,s+1l] v
chart([s,B,s+t] N\ chart[s+t,C,s+1]

1 2 3 4 5 6
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do s:= 3
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ... ,1-1 do
8.
9.
1




3. N —{they, cans, fish} LEXIKON
4. c[3,N,4] := TRUE

intr — {sleep, fish}
s trans  — {study, visit}

N — {they, cans, fish}
=4 prep  — {in, by, with}
| =3
| =2
=1 1,N,2 2, trans, 3 3é’ir'1\f’r,44

1 2 3 4 5 §

1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ,n do s:= 3
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ,n do
6. for each s:=1, ,h+1-1
7. for each t:=1, ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




LEXIKON

intr — {sleep, fish}
s trans  — {study, visit}
N — {they, cans, fish}
=4 prep  — {in, by, with}
| =3
| =2
=1 1,N,2 2, trans, 3 Bé’irl]\f’r’f
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do s:= 4
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




3. prep  —{in, by, with} LEXIKON
4. c[4,prep,9] .= TRUE

intr — {sleep, fish}
s trans  — {study, visit}

N — {they, cans, fish}
=4 prep  — {in, by, with}
| =3
| =2
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5

1 2 3 4 5 §

1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ,n do s:= 4
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ,n do
6. for each s:=1, ,h+1-1
7. for each t:=1, ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




LEXIKON

intr — {sleep, fish}
s trans  — {study, visit}
N — {they, cans, fish}
=4 prep  — {in, by, with}
| =3
| =2
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do s:= 5
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




(@)

3. N —{they, cans, fish} LEXIKON
4. c[9,N,6] := TRUE
intr — {sleep, fish}
trans  — {study, visit}
N — {they, cans, fish}
prep  — {in, by, with}
1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do s:= 5
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
1

chart([s,B,s+t] N\ chart[s+t,C,s+1]




W cxy

Zeilen 5. - 10.

W 0 J o O b w N -

chart[.,.,.]:= FALSE;
for each s:=1, ... ,n do

for each A - wg do

chart|[s,A, s+1] :=TRUE;

for each 1:=2, ... ,n do
for each s:=1, ... ,n+l1-1
for each t:=1, ... ,1-1 do
for each A - B C do
chart[s,A,s+l] := chart[s,A,s+1l] v

chart|[s,B,s+t] A chart[s+t,C,s+1]




REGELN
S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
|=3 PP — prep N
| =2
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
|=3 PP — prep N
| =2
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
6. for each s:=1, ... ,n+1-1 s:= 1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




REGELN
S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
|=3 PP — prep N
| =2
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
6. for each s:=1, ... ,n+tl1-1 s:= 1
7. for each t:=1, ... ,1-1 do t:=1
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




REGELN

(@)

for each A - B C do
chart[s,A,s+1l]:= chart[s,A,s+tl] Vv
chart[s,B,s+t] I\ chart[s+t,C,s+1]

8. S — Nintr
9. c[1,5,3] :=¢[1,5,3] v
10. c[1.N.2] A c[2,intr,3] S — N intr
intr — trans N
intr — intr PP
N — N PP
PP — prep N
1,N,2 2, trans, 3 Béﬁnfhé 4, prep, 5 5N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
6. for each s:=1, ... ,n+tl1-1 s:= 1
7. for each t:=1, ... ,1-1 do t:= 1
8.
9.
1




REGELN

(@)

for each A - B C do
chart[s,A,s+1l]:= chart[s,A,s+tl] Vv
chart[s,B,s+t] I\ chart[s+t,C,s+1]

8. intr — trans N
9. c[1,intr,3] := c[1,intr,3] v
10. c[1,trans,2] A c[2,N,3] S — N intr
intr — trans N
intr — intr PP
N — N PP
PP — prep N
1,N,2 2, trans, 3 Bé’irl]\f’r’f 4, prep, 5 ] 5N,6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
6. for each s:=1, ... ,n+tl1-1 s:= 1
7. for each t:=1, ... ,1-1 do t:= 1
8.
9.
1




REGELN

(@)

for each A - B C do
chart[s,A,s+1l]:= chart[s,A,s+tl] Vv
chart[s,B,s+t] I\ chart[s+t,C,s+1]

8. intr — intr PP
9. c[1,intr,3] := c[1,intr,3] v
10. c[1,intr,2] A c[2,PP,3] S — N intr
intr — trans N
intr — intr PP
N — N PP
PP — prep N
1,N,2 2, trans, 3 Béﬁnfhé 4, prep, 5 5N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
6. for each s:=1, ... ,n+tl1-1 s:= 1
7. for each t:=1, ... ,1-1 do t:= 1
8.
9.
1




... usw. fur alle Regeln REGELN

S — N intr

s intr — trans N
intr — intr PP

=4 N — NPP

|=3 PP — prep N

| =2

=1 1,N,2 2, trans, 3 Béﬁnfhé 4, prep, 5 5N, 6

1 2 3 4 5 §

1. chart[.,.,.]:= FALSE; ALGORITHMUS

2. for each s:=1, ... ,n do

3. for each A - wg do

4, chart[s,A,s+1] :=TRUE;

5. for each 1:=2, ... ,n do l:= 2

6. for each s:=1, ... ,n+tl1-1 s:= 1

7. for each t:=1, ... ,1-1 do t:= 1

8. for each A - B C do

9. chart[s,A,s+1l]:= chart[s,A,s+l] Vv

10. chart([s,B,s+t] N\ chart[s+t,C,s+1]




REGELN
S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
|=3 PP — prep N
| =2
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
6. for each s:=1, ... ,n+tl1-1 sS:= 2
7. for each t:=1, ... ,1-1 do t:=1
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
|=3 PP — prep N
| =2
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
0. for each s:=1, ... ,n+1-1 sS:= 2
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




REGELN

(@)

for each A - B C do
chart[s,A,s+1l]:= chart[s,A,s+tl] Vv
chart[s,B,s+t] I\ chart[s+t,C,s+1]

8. S — Nintr
9. c[2,5,4] :=c[2,S5,4] v
10. c[2,N,3] A c[3.intr,4] S — N intr
intr — trans N
intr — intr PP
N — N PP
PP — prep N
1,N,2 2, trans, 3 3éﬁnThé 4, prep, 5 5N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
6. for each s:=1, ... ,n+tl1-1 sS:= 2
7. for each t:=1, ... ,1-1 do t:= 1
8.
9.
1




(@)

for each A - B C do
chart[s,A,s+1l]:= chart[s,A,s+tl] Vv
chart[s,B,s+t] I\ chart[s+t,C,s+1]

8. intr — trans N REGELN
9. c[2,intr,4] ;= c[2,intr,4] v
10. c[2.trans,3] A c[3,.N.4] S — N intr
intr — trans N
intr — intr PP
N — N PP
PP — prep N
2, intr, 4
1,N,2 2, trans, 3 3éﬁnThé 4, prep, 5 5N, 6
1 2 3 4 5 6
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
6. for each s:=1, ... ,n+tl1-1 sS:= 2
7. for each t:=1, ... ,1-1 do t:= 1
8.
9.
1




... usw. fur alle Regeln

REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
|=3 PP — prep N
| =2 2, intr, 4
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
6. for each s:=1, ... ,n+tl1-1 sS:= 2
7. for each t:=1, ... ,1-1 do t:= 1
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+l] Vv
10. chart([s,B,s+t] N\ chart[s+t,C,s+1]




... fur alle Regeln ...

REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
|=3 PP — prep N
| =2 2, intr, 4
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
0. for each s:=1, ... ,n+1-1 s:= 3
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




REGELN
S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
|=3 PP — prep N
| =2 2, intr, 4
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
0. for each s:=1, ... ,n+1-1 s:= 4
7. for each t:=1, ... ,1-1 do t:=1
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




g REGELN

S — N intr

s intr — trans N
intr — intr PP

=4 N — NPP

|=3 PP — prep N

| =2 2, intr, 4

=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5N, 6

1 2 3 4 5 §

1. chart[.,.,.]:= FALSE; ALGORITHMUS

2. for each s:=1, ... ,n do

3. for each A - wg do

4, chart[s,A,s+1] :=TRUE;

5. for each 1:=2, ... ,n do l:= 2

6. for each s:=1, ... ,n+tl1-1 s:= 4

7. for each t:=1, ... ,1-1 do t:= 1

8. for each A - B C do

9. chart[s,A,s+1l]:= chart[s,A,s+l] Vv

10. chart([s,B,s+t] N\ chart[s+t,C,s+1]




8. PP — prep N REGELN

9. c[4,PP,6] := c[4,PP,6] v

10. cl4.prep,5] A c[5,N.6] S — N intr
s intr — trans N

intr — intr PP
=4 N — NPP
|=3 PP — prep N
| =2 2,intr, 4 4,PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5N, 6
1 2 3 4 5 §

1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do l:= 2
6. for each s:=1, ... ,n+tl1-1 s:= 4
7. for each t:=1, ... ,1-1 do t:= 1
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+l] Vv
10. chart([s,B,s+t] N\ chart[s+t,C,s+1]




REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
|=3 PP — prep N
| =2 2, intr, 4 4, PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 5
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ,n do
6. for each s:=1, ,h+1-1
7. for each t:=1, ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1]
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
|=3 PP — prep N
| =2 2, intr, 4 4, PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do 1:= 3
0. for each s:=1, ... ,n+1-1 s:= 1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




40/61

REGELN
S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
|=3 PP — prep N
| =2 2, intr, 4 4, PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do 1:= 3
6. for each s:=1, ... ,n+tl1-1 s:= 1
7. for each t:=1, ... ,1-1 do t:=1
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




8. S— Nintr REGELN

9. c[1,5,4] :=c[1,S,4] v

10. c[1.N.2] A c[2,intr,4] S — N intr
s intr — trans N

intr — intr PP
=4 N — NPP
| =3 1,S, 4 PP — prep N
| =2 2,intr, 4 4, PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5 §

1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do 1:= 3
6. for each s:=1, ... ,n+tl1-1 s:= 1
7. for each t:=1, ... ,1-1 do t:= 1
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+l] Vv
10. chart([s,B,s+t] N\ chart[s+t,C,s+1]




... usw. fur alle Regeln

REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
| =3 1,S, 4 PP — prep N
| =2 2,intr, 4 4, PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 3 5
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ,n do
6. for each s:=1, ,h+1-1
7. for each t:=1, ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1]
10. chart([s,B,s+t] N\ chart[s+t,C,s+1]




... fur alle Regeln

REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
| =3 1,S, 4 PP — prep N
| =2 2, intr, 4 4, PP, 6
=1 1,N,2 2, trans, 3 3éﬁnThé 4, prep, 5 5N, 6
1 3 5
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ,n do
6. for each s:=1, ,h+1-1
7. for each t:=1, ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1]
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




W cky 44/61

... fur alle Regeln REGELN

S — N intr

s intr — trans N
intr — intr PP

=4 N — NPP

| =3 1,S, 4 PP — prep N

| =2 2, intr, 4 4, PP, 6

=1 1,N,2 2, trans, 3 Béﬁnfhé 4, prep, 5 5N, 6

1 2 3 4 5 §

1. chart[.,.,.]:= FALSE; ALGORITHMUS

2. for each s:=1, ... ,n do

3. for each A - wg do

4, chart[s,A,s+1] :=TRUE;

5. for each 1:=2, ... ,n do 1:= 3

0. for each s:=1, ... ,n+1-1 sS:= 2

7. for each t:=1, ... ,1-1 do t:=1

8. for each A - B C do

9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv

10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




... fur alle Regeln

REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
| =3 1,S, 4 PP — prep N
| =2 2,intr, 4 4, PP, 6
=1 1,N,2 2, trans, 3 Béﬁnfhé 4, prep, 5 5N, 6
1 2 3 4 5 §
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do 1:= 3
6. for each s:=1, ... ,n+tl1-1 sS:= 2
7. for each t:=1, ... ,1-1 do t:= 2
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
| =3 1,S, 4 PP — prep N
| =2 2, intr, 4 4, PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 5
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
0. for each s:=1, ... ,n+1-1
7. for each t:=1, ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1]
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — NPP
| =3 1,S, 4 PP — prep N
| =2 2,intr, 4 4,PP, 6
=1 1,N,2 2, trans, 3 3éﬁnThé 4, prep, 5 5N, 6
1 2 3 5
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1]
10. chart([s,B,s+t] N\ chart[s+t,C,s+1]




8. intr — intr PP REGELN

9. c[3,intr,6] := c[3,intr,6] v

10. c[3.intr.4] A\ c[4,PP.6] S — N intr
s intr — trans N

intr — intr PP
=4 N — NPP
|=3 1,5, 4 3, intr, 6 PP — prep N
| =2 2,intr, 4 4,PP, 6
=1 1,N,2 2, trans, 3 3éﬁnThé 4, prep, 5 5N, 6
1 2 3 4 5 §

1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do 1:= 3
6. for each s:=1, ... ,n+tl1-1 s:= 3
7. for each t:=1, ... ,1-1 do t:= 1
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+l] Vv
10. chart([s,B,s+t] N\ chart[s+t,C,s+1]




... usw. fur alle Regeln

REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — N PP
=3 1,5, 4 3_;)'":\},“66 PP — prep N
| =2 2,intr, 4 4,PP, 6
=1 1,N,2 2, trans, 3 3éﬁnThé 4, prep, 5 5N, 6
1 2 3 4 5
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1]
10. chart([s,B,s+t] N\ chart[s+t,C,s+1]




... fur alle Regeln

REGELN

W 0 J o O b W N =

for each A - wg do

chart[s,A,s+1] :=TRUE;

for each 1:=2,

for each s:=1,

, 1 do

,n+1-1

for each t:=1,

,1-1 do

for each A - B C do

chart[s,A,s+l]:=
chart[s,B, s+t]

chart[s,A,s+1]
I\ chart[s+t,C,s+1]

S — N intr
intr — trans N
intr — intr PP
N — NPP
3, intr, 6
G PP — prep N
2,intr, 4 4, PP, 6
§JMn4
2, trans, 3 3N, 4 4, prep, 5 _
5
chart[.,.,.]:= FALSE; ALGORITHMUS
for each s:=1, ,n do




REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — N PP
=3 1,5,4 3_;)’",‘\?'66 PP — prep N
| =2 2, intr, 4 4, PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
0. for each s:=1, ... ,n+1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1]
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




... fur alle Regeln

REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — N PP
=3 1,5,4 3_;)’",‘\?'66 PP — prep N
| =2 2,intr, 4 4, PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1]
10. chart([s,B,s+t] N\ chart[s+t,C,s+1]




... fur alle Regeln

REGELN

W 0 J o O b W N =

for each A - wg do

chart[s,A,s+1] :=TRUE;

for each 1:=2,

for each s:=1,

, 1 do

,n+1-1

for each t:=1,

,1-1 do

for each A - B C do

chart[s,A,s+l]:=
chart[s,B, s+t]

chart[s,A,s+1]
I\ chart[s+t,C,s+1]

S — N intr
intr — trans N
intr — intr PP
N — NPP
3, intr, 6
NG PP — prep N
2,intr, 4 4, PP, 6
§JMn4
2, trans, 3 3N, 4 4, prep, 5 _
5
chart[.,.,.]:= FALSE; ALGORITHMUS
for each s:=1, ,n do




... fur alle Regeln REGELN

S — N intr

s intr — trans N
intr — intr PP

=4 N — N PP

=3 1,5, 4 3_;),”,‘\?'66 PP — prep N

| =2 2, intr, 4 4, PP, 6

=1 1,N,2 2, trans, 3 Béﬁnfhé 4, prep, 5 5N, 6

1 2 3 4 5 §

1. chart[.,.,.]:= FALSE; ALGORITHMUS

2. for each s:=1, ... ,n do

3. for each A - wg do

4, chart[s,A,s+1] :=TRUE;

5. for each 1:=2, ... ,n do 1l:= 4

6. for each s:=1, ... ,n+tl1-1 s:= 1

7. for each t:=1, ... ,1-1 do t:= 3

8. for each A - B C do

9. chart[s,A,s+1l]:= chart[s,A,s+1] Vv

10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 N — N PP
=3 1,5,4 3_;)’",‘\?'66 PP — prep N
| =2 2, intr, 4 4, PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
0. for each s:=1, ... ,n+1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1]
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




8. intr — trans N REGELN

9. c[2,intr,6] := c[2,intr,6] v

10. c[2.trans,3] A c[3,N,6] S — N intr
s intr — trans N

intr — intr PP
=4 2, intr, 6 N —~ NPP
=3 1,5,4 3é,'r,‘\f,r'66 PP — prep N
| =2 2, intr, 4 4, PP, 6
=1 1,N,2 2, trans, 3 Béﬁnfhé 4, prep, 5 5N, 6
1 2 3 4 5 §

1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do 1l:= 4
6. for each s:=1, ... ,n+tl1-1 sS:= 2
7. for each t:=1, ... ,1-1 do t:= 1
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+l] Vv
10. chart([s,B,s+t] N\ chart[s+t,C,s+1]




... fur alle Regeln

REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 2, intr, 6 N —~ NPP
=3 1,5,4 3_;)’",‘\?'66 PP — prep N
| =2 2, intr, 4 4,PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1]
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




... fur alle Regeln

REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 2, intr, 6 N —~ NPP
=3 1,5,4 3_;)’",‘\?'66 PP — prep N
| =2 2, intr, 4 4, PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5N, 6
1 2 3 4 5
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
6. for each s:=1, ... ,n+tl1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1]
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




REGELN

S — N intr
s intr — trans N
intr — intr PP
=4 2,intr, 6 N —~ NPP
=3 1,5,4 3_;)’",‘\?'66 PP — prep N
| =2 2, intr, 4 4, PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5
1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do
0. for each s:=1, ... ,n+1-1
7. for each t:=1, ... ,1-1 do
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+1]
10. chart[s,B,s+t] N\ chart[s+t,C,s+1]




8. S — Nintr REGELN

9. c[1,S,6] :=c[1,S5,6] v

10. c[1.N.2] A c[2,intr,6] S — N intr
s Lo intr — trans N

intr — intr PP
| =4 2,intr, 6 N > NPP
=3 1,5,4 3_;)’",‘\?'66 PP — prep N
| =2 2,intr, 4 4, PP, 6
=1 1,N,?2 2, trans, 3 Béﬁnfhé 4, prep, 5 5, N, 6
1 2 3 4 5 §

1. chart[.,.,.]:= FALSE; ALGORITHMUS
2. for each s:=1, ... ,n do
3. for each A - wg do
4, chart[s,A,s+1] :=TRUE;
5. for each 1:=2, ... ,n do 1l:= 5
6. for each s:=1, ... ,n+tl1-1 s:= 1
7. for each t:=1, ... ,1-1 do t:= 1
8. for each A - B C do
9. chart[s,A,s+1l]:= chart[s,A,s+l] Vv
10. chart([s,B,s+t] N\ chart[s+t,C,s+1]




AUSGABE: CHART
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