
CONTEXT-FREE

=

PERECOGNIZABLE

PARI



Recall: We drew PDAs for s o m e context-free languages, and
-

proved that they accepted exactly those specific sets

Today: PDAs
a r e
the machine modelfor context-free grammars.

For regular languages, w e presente
d

• DFAs • NFAs • Regular expressions

and showed that the language
s

acceptedby finite automata

a r e
exactly those that c a n be expresse

d

during
regexes.

We then showed that s om e language
s

a r e not regular.

Some
of these c a n begenerated using a context-freegrammar.

Someof those a r e recognizable using a pushdown automaton.



Claim: The set of languages recognizable by pushdown automata is

exactly the set of languages generatable by context-free
grammars.

How do w e show this?

① Given a Cfg generating a languag
e

α .

construct
a
PDA which recognizes α .

②Given a PDA recognizing α , construct a CFG whichgenerates α .

Suppos

e
w e start with① .

Suppo

se
w e a r egiven G:

(NT,
T , R ,s).

Do w e
have

a
general idea of the "shape"of therules i n R ?

Without this, hard to "uniformly" translateG into a PDA!



H a w a :
A CFG G-_ (NT, T , R ,s) is i n Greibach Normal form if
a l l production rules i n R a r e of theform

A →
a B1... B r , where k≥O, A,B , . . . . ,BRENT, and a c t .

No rule forgenerating the empty string E !

Thin: For any CFG G,
there i s a CFG G' i n Greibach Normal form

sit. α (g) = α (G)\ {E}.

So,
every CFG c a n

be converted to a
form where each rule

i s of the form A → a B,... Br, where

k≥0, A,B, . . . . BRENT, and a e Tu {E}.



①
Suppo

se
w e a r egiven such a Cfg G

=

(NT,T, R,s).

We construct a PDA M which accepts α(g) by empty stack.

M= (Q.Σ , P, Δ , go,∅), where )
Q = {q,q,}, Σ--T, P : NTU{⟂} and (q,w , 1) * (g,

e , t )

for s o m e qeQ.
Δ = {((q,E , E), (q,S)),

{((q.
a . A). (g.Be...Br))/A →

a Be... B re R}

The: I f a terminal string x is obtained by applyin
g

rules i n R to the

leftmost nonterminal symbol, then M accept

s
a .



Example: ✗ =

{co/
w
has

a n equalnumberof 'a's and 'b's}

α : ({S,A,B}. {a,b}, R , S) generate
s

α , where

R= {S-E, S → abs, S - B A S , B - b , B → a BB,

A - a , A-bAA}
M : (q,q,}, {a,b}, {A,B,S,⟂}. Δ , go. 4)

Δ : {((q,E , E), (q,s)),
((ga,E ,s), (%.E)), ((q, a , S), ( q BS)).

((q,b,S),(q, AS)). ((q,b,B), (ga,E)).
((qa,a , B), (q,BB)).((q,a , A), (ga,E)).((q,b,A), (q,AA)

)}



PDA configurations

w - abaabbba
(go, abaabbba, ⟂)

Rulesing t

s → " " % " "

/
↳'

" "

{
" " 's)

B. → b
baabbba

→ (go.baabb.ba, BS)
S → aB§ dabbba

↓

B. → ABB abbba
>

(q, aabbba, s )
↓

B. → b bbba ↘
(q, abbba, BS)

B → b Hba .

-

S - b a s H a
.

<

A - a ∅

:
S - E


