
From PDA to CFG

Let P = 〈Q,Σ,Γ, δ, q0, Z0, F 〉 be a PDA. Define a context-free grammar G =
〈N,Σ, P, S〉 as follows:

• N = {S} ∪ {[pXq] : p, q ∈ Q ∧ X ∈ Γ};

• P contains the following rules:

– for every p ∈ Q:
S → [q0Z0p]

– for every (r, ε) ∈ δ(q, a, Y ):

[qY r]→ a

where r0, r1, . . . rn−2, rn−1 ∈ Q
– for every (r, Y1Y2 . . . Yn) ∈ δ(q, a, Y ):

[qY rn]→ a[rY1r1][r1Y2r2] . . . [rn−1Ynrn]

where r0, r1, . . . rn−2, rn−1 ∈ Q

PDA example

P = 〈Q,Σ,Γ, δ, q0, Z0, F 〉 where

• Q = {q, p}

• Σ = {a, b}

• Γ = {Z,A}

• δ(q, a, Z) = {(q, AZ)}
δ(q, a,A) = {(q, AA)}
δ(q, ε, A) = {(p,A)}
δ(p, b, A) = {(p, ε)}
δ(p, ε, Z) = {(p, ε)}

• q0 = q

• Z0 = Z

• F = {p}
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Corresponding CFG

S → [qZq]
S → [qZp]

[qZq] → a [qAq] [qZq]
[qZq] → a [qAp] [pZq]
[qZp] → a [qAq] [qZp]
[qZp] → a [qAp] [pZp]

[qAq] → a [qAq] [qAq]
[qAq] → a [qAp] [pAq]
[qAp] → a [qAq] [qAp]
[qAp] → a [qAp] [pAp]

[qAq] → [pAq]
[qAp] → [pAp]

[pAp] → b

[pZp] → ε

Reduced CFG (elimination of non-productive rules)

S → [qZp]

[qZp] → a [qAp] [pZp]

[qAp] → a [qAp] [pAp]

[qAp] → [pAp]

[pAp] → b

[pZp] → ε

2



Paralleling transitions and productions

Automaton Grammar

(q, aabb, Z) ` (q, abb, AZ) S ⇒ [qZp]⇒ a [qAp] [pZp]
` (q, bb, AAZ) ⇒ aa [qAp] [pAp] [pZp]
` (p, bb, AAZ) ⇒ aa [pAp] [pAp] [pZp]
` (p, b, AZ) ⇒ aab [pAp] [pZp]
` (p, ε, Z) ⇒ aabb [pZp]
` (p, ε, ε) ⇒ aabb
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