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Example


L = {x ∣ #a(y) > #b(y) for any prefix y of x, and #a(x) = 2 ⋅ #b(x)}

a,1 ∣ b, − 1

A = φ = (ta = 2 ⋅ tb)



M = (A, φ)

one-counter automaton
Presburger formula with variables


set of transitions of T = A

accepting run of  = accepting run of  satisfying   M A φ
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expressivity complexity

 = Parikh automata

 = one-counter automata

PA
OCA

DetPA NP-c coNP-c coNP-c coNP-c

DetOCA NL-c NL-c Undec NL-c

DetPOCA NP-c coNP-c Undec ?

PA NP-c Undec Undec Undec

OCA NL-c Undec Undec Undec

POCA NP-c Undec Undec Undec

L ≠ Σ* L1 ⊆ L2 L1 = L2L ≠ ∅
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DetPA DetOCA

OCA

DetPOCA

POCA

NL

vs



Closure properties

DetPA Y Y Y N N Y

DetOCA N N Y N N Y

DetPOCA N N Y N N Y

PA Y Y N Y Y Y

OCA Y N N Y Y Y

POCA Y N N Y Y Y

c ⋅ h−1h∩∪

 = Parikh automata

 = one-counter automata

PA
OCA
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1. 


2. 


3. there exists  such that  where,


x = (u1u) ⋅ (u2u) ⋅ … ⋅ (unu) ⋅ (v1v) ⋅ (v2v) ⋅ … ⋅ (vmv) ⋅ vm+1 ∈ K

uv ≠ ε

w1w2 ∈ Σ* w1x′￼w2 ∈ L
x′￼ = u1 ⋅ … ⋅ un ⋅ v1 ⋅ … ⋅ vm+1
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Application of the depumping lemma : 

 is not a POCA language{#anbncn# ∣ n ∈ ℕ}*

Take  and K = {#anbncn# ∣ n ∈ ℕ} N = 3
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Next steps

1. Parikh pushdown automata

2. Decidability of equivalence of detPOCA

3. Decidable restrictions of parametric universality





Depumping lemma : 



Depumping lemma : 
, a POCA languageL ⊆ Σ*



Depumping lemma : 
, a POCA languageL ⊆ Σ*

For any infinite  and K ⊆ [ε]L N ∈ ℕ



Depumping lemma : 
, a POCA languageL ⊆ Σ*

For any infinite  and K ⊆ [ε]L N ∈ ℕ

there exists words  such thatu, u1, …, un, v, v1, …, vm+1, m, n ≥ N



Depumping lemma : 
, a POCA languageL ⊆ Σ*

For any infinite  and K ⊆ [ε]L N ∈ ℕ

there exists words  such thatu, u1, …, un, v, v1, …, vm+1, m, n ≥ N

1. 


2. 


3. there exists  such that  where,


x = (u1u) ⋅ (u2u) ⋅ … ⋅ (unu) ⋅ (v1v) ⋅ (v2v) ⋅ … ⋅ (vmv) ⋅ vm+1 ∈ K

uv ≠ ε

w1w2 ∈ Σ* w1x′￼w2 ∈ L
x′￼ = u1 ⋅ … ⋅ un ⋅ v1 ⋅ … ⋅ vm+1



Depumping lemma

for detPOCA: 

u1 u un… u v1 v vm v… vm+1

∈

K

m, n ≥ N

, a POCA languageL ⊆ Σ*

For any infinite  and K ⊆ [ε]L N ∈ ℕ



Depumping lemma : 

u1 un… v1 vm… vm+1w1 w2

∈

[ε]L

m, n ≥ N

, a POCA languageL ⊆ Σ*

For any infinite  and K ⊆ [ε]L N ∈ ℕ


