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Context-Free Grammars and PDAs

• construction of a pushdown automaton for L

push the start symbol on the stack

read a terminal symbol, matching 
it with the top of the stack

replace a non-terminal on the top of the 
stack with the right side of the production
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push the start symbol on the stack

read a terminal symbol, matching 
it with the top of the stack

replace a non-terminal on the top of the 
stack with the right side of the production

top

input: aabbbb
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Non-Context-Free Languages

• just like there are languages that aren’t regular, there are 
languages that aren’t context-free

• there is a pumping lemma for context-free languages 
similar to the one for regular languages
– idea for regular languages

• a DFA/NFA only has a finite number of states, so for any sufficiently long 
string, a state must be repeated – that provides a loop which can be 
“pumped” to generate a set of strings, all of which are in the language

– idea for context-free languages
• a context-free grammar only has a finite number of non-terminals, so for 

any sufficiently long string, there’s a root-to-leaf path in the parse tree 
where a non-terminal is repeated – that provides a loop which can be 
“pumped” to generate a set of strings, all of which are in the language

• the intersection of two context-free languages is not 
necessarily context-free
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General Grammars

• a context-free grammar is a grammar where the rules are 
limited to the form A → x  (a single non-terminal on the left)
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General Grammars

• (general) grammars are more powerful than context-free 
grammars

• are there languages that can’t be produced by grammars?
– yes – for an alphabet Σ, there uncountably many languages but 

only countably many that can be generated by grammars
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n
a
(w) = n

b
(w) = n

c
(w) anbncn an^2
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