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Recall: We s a w how to convert any given
CFG into

- Chomsk

y
Normal form

\ each rule A → c o r A → B C

- Greibach Normal form

'each rule A → CB,... Br, k ? 0 .

along with a rule S - E if E E L .

Today: Given a strin
g

w and a Cfg G,
does
g
generatew?

Need not
necessarily have a PDA

Evenwith a PDA, not
deterministic o r efficient!

Can
w e

somehow directly operat

e
o v e r thegrammar?



Parsin

g
algorithm: [Cooke,Younger, Kasami: 1961]

Main idea: Determine, for each substring x of w ,

the setof a l l non-terminals thatgenerate a .

Needs to do this systematicall
y:

\
grammar i n

Choms

ky

Normal Form

First check all substrings of length 1 . (A-C?)

then all substring
s

of lengt
h

2 o r m o r e

Doing this /

Consider
every

possibl

e

partitionin

g

into two parts

repeatedly

?)
Use dynamic and match agains

t
A→ BC , where

programming

!
Bgenerates the left part, a nd

C generates the right part.



S-AB/BA/SS/AC/BD
A-

→ a B - b ( → S B D - SA

Consider
a
string w-ab,b, baa,

◦ 1 2 3 4 5

6/"6-/w/

Wij:
substring of w betweenmarkers i and j

Build
a table with a n entry forevery (i.j).

where
0≤i<j≤n.

-
Fill Tli,j) with the{°ffff

#

non-terminals that

j s4# generate wig.

😐



S →
AB/BA/SS/AC/BD

1 A -
A-

→ a B - b

- 3 ( → S B D - SA
"Is🙁
🙁 🙁 😐

a - ab, b,b,a n
0 1 2 3 4 5 6

0 1 2 3 4 5

i

Wo1=a So T(0,1)--{A}. Similarly, we:b, s o T(1,2)--{B}.

I f there a r e
multiple non-terminals whichyield wig,

write them a l l i n Tli, j).
Now look a t substrings of length 2 .



S →
AB/BA/SS/AC/BD

2 -
A-

→ a B - b

C → S B D - S A

⚠

🙁🙃😐
😐🙃 w=, a ,

b,b,b,a , a ,
0 1 2 3 4 5 6

6

0 1 2 3 4 5

I 101 ¾

Was = ab. Break this into two substrings of length 1 , a , and b .

Look for all combinations of non-terminals which c a n yield these

substring

s,
and look for a non-terminal whichgoes tothis pair.

To,1) = A, T (1,2) = B ,
and S - A B , s o T (0,2) = {s}.

Fill i n the diagonalbelow the top o n e this
way.



S-AB/BA/SS/AC/BD

2 S B
A-

→ a B - b

j:Fff c - S B D - SA

4 #

5
w-ab,b,b,a,a,

6
D## 0 1 2 3 4 5 6

0 1 2 3 4 5

i

was-abb. There a r e two ways to break this string:

w o n . - a and bb, o r abandb.

/ - V 1 3 twos😐 3

T(0,1)-A, T(1,3)-0 7/927=5,7/2,3):B
( → S B , s o T(0,3)-C

Do this for the diagonal.



1 A
S-AB/BA/SS/AC/BD

2 -
A-

→ a B - b

( → S B D - SA

J a d e

🙁🙁🙁
🙁😐 wrabbibian

0 1 2 3 4 5 6

0 1 2 3 4 5

i

won,-abbb a,bbb o r ab,bb o r abb,b

None of these has any
possiblegeneratin

g

non-terminals.

W26=bbaa Only possibility: b. baa

☑ ↘ S → B D . So 7/2,6)-S.



j🙁 😐

"AB/BA/SS/Ac/BD
A-

→ a B - b

( → S B D - SA

4 0 £

wabibibiaai.-

FI#*Io."""
0 1 2 3 4 5

i

was-abbba woo -W : ab, bbaa

W,=bbbaa s ' ↘ s → s s

Since SeT(0,6), this string is generated by thegrammar.





S-AB/BA/SS/AC/BD

1
A-

→ a B - b

( → S B D - SA

j o

%🙁
���

w r a b i a i b a ,
0 1 2 3 4 5

0 1 2 3 4

i



QUI


