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Non-deterministic Pushdown Automaton (NPDA)

IS specified by:

Q, finite set of machine states

3., alphabet of input symbols

s € (@, the start state

F C (@), subset of accepting states
I', alphabet of stack symbols

I € T, the initial stack symbol

A, finite set of transitions , which are either

input-transitions | A, g — S, ¢’

. or e-transitions

A,q—> S,q

where A €eT'ge Q. aec X SecI*andq’ € Q).
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Allowed operations on stacks S &€ I'*

pop the top element A off a non-empty stack A.S, producing a new
stack S and returning the element A

push a finite string S’ of elements on to the top of a stack S, producing
a new stack S’ S

Note:
® pop is not defined on the empty stack;

e we may push an empty string onto a stack (in which case it is unchanged).
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Example NPDA

States:z q f
Input symbols: a b
Start state: 2
Accepting state: f
Stack symbols: I A

Initial stack symbol: 1

g-transition a-transitions b-transitions

. a . . b

Transitions: | I, q =N e.f| 1
Ai 5 AAi | AqD e, q
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Next-configuration relation (S, g, w) =1 (S’, ¢/, w’)

describes how aNDPA M = (Q, X, s, F,T', I, A) can move from
one configuration (S, q, w) to another (S, g, w") in one step.

It is defined to hold if it matches either of the following two cases:

o (AS,q,aw) =1 (SS’,q,w)
where A, ¢ — S, ¢’ is an input-transition of M

¢ (AS',q,w) ="' (S5, ¢, w)
where A, ¢ — S, ¢’ is an e-transition of M .

We write | (S, g, w) =" (5’, ¢, w’) |to mean

(59Q9w) — (519Q19w1) =... =t (Sn9Qn9wn) — (S',q’,w')

holds for some m > 1 and configurations (Sz', qi., wz-).
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o, 38) = (AT, 0, o) by T15AT,
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L (M), language accepted by a NPDA M

tM = (Q,>%,s, F,T',I,A), then

L(M)={weX*| (I,i,w) =* (S, q,e) holds for
some S € ' andq € F'}.
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Example NPDA

States:t q f _ |
. Dn < (e
Input symbols: a b

Start state: 2 L/(N\) - ‘{an ]On ) N7 | }’

Accepting state: f
Stack symbols: I A

Initial stack symbol: 1

g-transition a-transitions b-transitions

Transitions: | I,q — e, f | I,i — AI,1 A,i—b>€,q
Ai % AAi | A, g D e, q




Theorem
A language is context-free if and only if it is accepted by some
push-down automaton.

For a proof, see for example Hopcroft and Ullman Sect. 5.5.
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Theorem
A language is context-free if and only if it is accepted by some
push-down automaton.

For a proof, see for example Hopcroft and Ullman Sect. 5.5.

NE o NEA € NPDA

—_—
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Theorem
A language is context-free if and only if it is accepted by some
push-down automaton.

For a proof, see for example Hopcroft and Ullman Sect. 5.5.

NE o NFA € NPDA
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Theorem ) S
non— dede rmin (5t
A language is context-free if and only if it is accepted by some /(

push-down automaton.

For a proof, see for example Hopcroft and Ullman Sect. 5.5.

NB o« NFA < NPDA

Dl
——

® O\CCQ‘ﬂ-mmw“)@a Q,mp)ﬂj S}a(/}é\
e dokerminishe pPoA  less PONW




“The Way ahead , n 'Theo%:

O \/\)\/\0\‘1‘ does 'I{‘ Meon —j@\r 78 }ﬁAh (/f\on
To be C/vmpvw\‘oxlo\ﬁ,
C ¥ Cempw%mw_]
® Are Some Oompv\}oo?‘{ov\ml sk
iwmmmll% wnfens bl 7
I8 Gmplaxity Theovy )
e How o We v\'g/wov‘s\/? chiFg & YeaSon abork

P, behaviowr of pmgmrv\s?
(T8 Somanks o PLs T8 Logic 4 Proot )




