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Recall:We propose
d

Pushdown Automata
a s a candidate

machine model for recognizing context-free languages

A pushdown automaton (PDA) i s essentially

a n NFA with a c c e s s to aglobal stack. I t c a n

→ read input letters

→ push and pop onto and fromthe stack

Operatio

n
popa

"gets stuck"
if
the symbol o n

the top of the stack i s s o m e
y,
where

y≠
x .

Might need to check for emptiness of stack;

do this by checkin
g

for a special endmarker ⟂ .



Pushdown automata (PDA): A 6- tuple M=(Q.E.T.8.ge.f)

Q: set of states Σ : input alphabet P : stack alphabet, I E P .

Δ≤(Q×&u{4)
✗ (ru{e}))-(Q×r*): transitionrelation

9. c- Q: start state F≤Q : setof acceptin
g

states

- n e w state ofM
((g.

a , c), (g. DID...DK))eΔ
- n e w sequenceof symbols

( ✗ current symbol
o n
top of stack pushed onto stack

current abobbba

state
current input

. ! .→⑨
of.M

letter o f
Whatifthisistheonlytransitioninooutofq.-

andmgetstoqb.at
the stack contains C'asthetop symbol?

( n o t c



What all information does o n e need i n order to fully specif
y

the behaviour of a PDA?

→ Current state

→ Current stack contents

→ Whatever string the PDA i sgoing to read

A configuration of a PDA M : (Q,E , F, Δ , q , f)
i s

C E Q × { * ×
1-*, whichfixes these three parameters.

What i s the start configuration o n a n input word w?

(go.co, ⟂ )



What c a n the machine M do i n o n e step from a configuration?

Suppo

se
((q,a , A), (q',s)) c- Δ . Then, w e say that

W E { *
- 1

S E P #

(q, aw, AS) → (q: co,ss).

for any
w e { * , S e r * . If a = E , a w = w .

Suppo

se
c , d e QxE*xT* a r e configurations of M . Then,

(→
d
iff e - d

c # o d iff there i s s o m e c' s-t- c & c' and

c ' # d . c i # d i f fthere i s s o m e n ≥ 0 s . t . c h d .



What strings does M accept?

One
c a n specify acceptanc

e
i n o n e of two (equivalent) ways

→ By final state: M accept

s
w by final state if

(go,
w , 1) ' # (f, E , s) for s o m e s e P*and s om e feF.

→ By empty stack: M accept

s
w
by empty stack if

(go.co, 1) * (q, E , E) for s ome ge
Q.

(f i s irrelevant
here!)

* These criteria a r e actually equivalent!

Either kind of machine c a n simulate the other.



α = {a"b"/n≥0} M-_ ({go.gs}, {a,b}, {⟂,C}, Δ , go.
F)

Δ : {((q, a , E). (q, c)), ((q, b, c). (91.E)),

((q,b,C), (91,E))}
What configuratio

ns

does M
go
through

o n
input word a"b"?

(q, a"b", 1) ⅔ (g., a³b",C) → (q,a²b", CCL)
↓

(qe.br?CCC1)
← (q,b",CCCC) ← (q,a"b",CCCI)

(q,
b?
Cct) → (q,b,C) → (q,E , 1)

When does M accept?
By empty stack

M accepts w iff (go,w , 1) I s (q,E , 1)
fors om eqeQ


