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Introduction

A PUSHDOWN AUTOMATON OR A CONTEXT-FREE
GRAMMAR—WHICH IS MORE ECONOMICAL?***

Jonathan GOLDSTINE, John K. PRICE*** and Detlef WOTSCHKE

Computer Science Department, The Pennsylvania State University, University Park, PA 16802,
US.A.

Communicated by R. Book
Received January 1980
Revised September 1980

Abstract, For every pair of positive integers n and p, there is a language accepted by a real-time
deterministic pushdowr. automaton with n states and p stack symbols and size O(np), for which
every context-free grammar needs at least n°p + 1 nonterminals if n>1 (or p non-terminals if
n=1). It follows that there are context-free languages which can be recognized by pushdown
automata of size O{np), but which cannot be generated by context-free grammars of size smaller
than O(n’p); and that the standard construction for converting a pushdown automaton to a
context-free grammar is optimal in the sense that it infinitely often produces grammars with the
fowest number of nonterminals possible.
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PDA2CFG is also optimal*® in the unary case

Lower bound

Thm: There is a family of unary PDAs with n states and p stack symbols
for which every equivalent CFG has Q(n?(p — 2n — 4)) variables.

Family P(n,k)

B states
m p=2n-+ k+ 4 stack symbols
. T={a)
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PDA2CFG is also optimal® in the unary case

Properties of P(n,k):

m P has only one accepting run

n  L(P)={a’} with ¢ > 27k
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PDA2CFG is also optimal® in the unary case

Equivalent CFG

P(n, k)

Lower bound

Upper bound
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PDA2CFG is optimal* for Parikh equivalence

PDA2CFG is optimal
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2-step procedure for Parikh-equivalent FSA

Thm: Every CFL is Parikh-equivalent to some regular language
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Thm: Given a PDA with n states and p s.s., there is a Parikh-equivalent
FSA with O(47P) states.
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2-step procedure for Parikh-equivalent FSA

Lower bound
m Using the family P(n, k)
m [(P) ={a’} with £ > 27k

e O o

Thm: There is a family of unary PDAs with n states and p stack symbols

for which every equivalent FSA needs at least on*(p—2n—4) | 1 states.
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Conclusions
m PDA2CFG is also optimal in the unary case

e PDA2CFG is optimal for Parikh-equivalence

B PDA2CFG-based procedure for Parikh-equivalent FSA is close to optimal
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