
Context-Free Languages
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Example. <expr> ::= <expr> + <expr> | <expr> × <expr> | (<expr>) | a

a + a × a

→ ::=

Example.

{ n n | n ≥ } ∪ { n n | n ≥ }
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S ∈ V

w w ∪ V w

w w w

w ⇒ w

{w ∈ ∗ | S ⇒∗ w}

u ⇒∗ v u v u , . . . , uk k ≥

u ⇒ u ⇒ u ⇒ . . . ⇒ uk ⇒ v

Example.

G {S}, {a, b}, P, S

P

S → aSb | SS | ε

B → bC
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B → b | ε

B C b

Ambiguity

<expr> → <expr> + <expr> | <expr> × <expr> | (<expr>) | a

a + a × a

<expr> → <term> | <expr> + <term>

<term> → <factor> | <term> × <factor>

<factor> → (<expr>) | a

Pushdown automata
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Example.

{aibi | i ≥ } ∪ {a ibi | i ≥ }

Pumping lemma for context-free languages

L p s ∈ L

p

s uvwxy

v ̸ ε x ̸ ε

|vwx| ≤ p

i ≥ uviwxiy ∈ L
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Examples.

{aibici | i ≥ }

{ww | w ∈ {a, b}∗}

Applications:

stem.

V, , P, S V {S}

{a, g, c, u} P

S −→ aSu | uSa | cSg | gSc

S −→ aS | cS | gS | uS

S −→ Sa | Sc | Sg | Su

S −→ SS | ε
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stochastic context-free grammars.
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