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Equivalence of PDAs and CFGs

A language is context iff some PDA recognize it

If L=L(G) for some CFG G, then L=L(M) for some PDA M.

Proof idea
* Need to show that given CFG G, we can find PDA M that

recognize the same language

G generates.

* Basic idea is to build PDA that simulates a leftmost derivation.

* For example, consider CFG G=(V,%Z,R,S)

Variables V= {S}

Terminales ~={0,1}

Rules R=S—0S0S| 1S0| 1

* Leftmost derivation of string 010110 € L(G)
S—0S0S—010S—0101S0—010110

Creat PDA for CFG as follow:

AAWU, V rules A—u
a,a\e, V terminals ae X

A Z\Z > 02

\“ AZ\SZ
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* PDA works as follow:

1- push S on the stack, where S is start variable.

2- Repeat following until stack empty

(a) if top of stack is variable AeV, then replace A by some
ue(ZuV)’, where A—>uisaruleinR.

(b) if top of stack is terminal acX and current input symbol is a,
then pop.

(c) if top of stack is Z, then accept.

Recall CFG S—»0S0S0| 1S0| 1
Corresponding PDA

A,S\e,0S0S
A,S\e,1S
A,S\g,1
1,1\e

0.0\e

\“ AZ\SZ AZ\Z :@

* PDA iIs non-deterministic

* Input alphabet of PDA is the terminal of CFG £={0,1}

* Stack alphabet of PDA consists of all variables, terminals and Z
I ={S,0,1,Z}

* PDA simulates a leftmost derivation using CFG
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Let’s now process string 010110 on PDA

0- start in state g0 with 010110 on input tape and empty stack

A,S\e,0S0S l
Zo A,S\g,1S0 [oJ1]0[1[1]0]
Stack AS\e,1

1,1\ Input String

0.0\e

AZ\Z

\“ AZ\SZ

» (2
1- read nothing, pop nothing, push S and move to gl
A,S\e,050S
s AS\e,180 [0]1Jof1]1]0]
Zy A,S\e,1
Stack 1,1\ Input String
0.0\

\‘ A,Z\SZ AZ\Z @
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2- read nothing, pop S, push 0S0S, and return to g1

0

S A,S\g0S0S |

0 A,S\e,1S0 [oJ1]o0]1]1]0]
S A,S\e,1

Zo 1,1\e Input String
Stack 0,0\e

)y == =@

3- read 0,pop 0, push nothing, and return to g1

‘3’ A,S\e,050S
S A,S\e,1S0 |0|1|0|1|1|0|
Zo A,S\g,1
Stack 11l Input String
0,0\
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4- read nothing, pop S, push 1, and return to g1

1
0 A,S\e,0S0S
S A,S\e,1S0 ‘0‘1‘0‘1‘1|0|
Zy AS\g 1
Stack 1,1\e Input String
0,0\e

5-read 1, pop 1, push nothing and return to g1

2 A,S\e,080S
Zo A,S\e, 150 [0[1]o[1]1]0]
Stack AS\e1
1,1\e Input String
0,0\e

AZ\Z @
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6- read O, pop 0, push nothing, and return to g1

Stack

A,S\e,0S0S

A,Ste,150 [0z]o[1]1]0]
A,S\e,1

1.1\ Input String

0,0\

\“ AZ\SZ

AZ\Z @

7- read nothing, pop S, push 1S0, and return to g1

Niolwn|r

Stack

A,S\e,0S0S

A,5\g,1S0 [0J1]0J1]1]0]
A,S\e,1
1,1\e Input String

\“ AZ\SZ

\4

0,0\
AZ\Z _@
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8- read 1, pop1, push nothing, and return to g1

A,S\e,0S0S

ASLISO  [GTIToTL[1]0]
A,S\e,1

1,1\e Input String

0,0\e

R AZ\Z @

9- read nothing, pop S, push 1, and return to q1

A,S\e,0S0S

ASta 150 [oT1T0[2]1T0]
AS\g 1

1,1\ Input String

0,0\e

R AZ\Z @
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10- read 1, popl, push nothing, and return to gl

§0 A,S\e,080S

Stack A,S\e,150 [0]1Jo[1]1]0]
A,S\g,1
1,1\e Input String
0,0\e

@ = @@

11- read 0O, pop0, push nothing, and return to g1

Z

Stack AS\e,080S |
A,S\S,].SO ol1lo0111110
A,S\e,1
1,1\e .
’ Input String
0,0\
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12- read nothing, pop nothing, push nothing move to g2 and accept

y
\Tockl AS\e,0508
A,S\,150 [o[t]o[1[t]o] |
A,S\e,1
1,1\ Input String
0,0\e

\4

\‘ AZ\SZ AZ\Z @

H.W

Convert CFG below to PDA
S— XSX/aY
X—>Y/S
Y—-b
My Best Wishes
Mohamed U. Mahdi



