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Alphabet Σ

Complement : Σ→ Σ with a1 · · ·am = am · · ·a1
Hairpin completion

γαβα→ γαβαγ αβαγ → γαβαγ

Iterated hairpin completion

H∗(w) = {v | w→∗ v}
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Example

αbαc(αb)i+1αdαbαc(αb)i+1αd

αbαcααdαbα

bαcαbα

Proposition

H∗(z) is not context-free.

Questions

1.) Given w ∈ Σ∗, isH∗(w)
?
∈ REG decidable?

2.) Does w ∈ Σ∗ exist s. t. H∗(w) is context-free but not regular?
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Non-crossing Words

w is non-crossing ⇐⇒ α α α α

α-free

α-free

z = αbαcααdαbα is non-crossing.

Theorem (Kari, Kopecki, Seki, 2012)

For non-crossing w ∈ Σ∗

1.) H∗(w)
?
∈ REG is decidable.

2.) H∗(w) is either regular or not context-free.
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α-prefixes and α-suffixes

Pα(w) = {p0, . . . ,pm} s. t. piα is a prefix of w.
Sα(w) = {s0, . . . , sn} s. t. αsi is a suffix of w.

H∗(w) = {w} ∪
⋃

p∈Pα(w)
|p|+2k≤|w|

H∗(wp)∪
⋃

s∈Sα(w)
|s|+2k≤|w|

H∗(sw)

Example

z = αbαcααdαbα
Pα(z) = {ε,αb,αbαc}
Sα(z) = {ε,bα,dαbα}

H∗(z) = {z} ∪H∗(zbα)∪H∗(zcαbα)∪H∗(αbz)∪H∗(αbαdz)
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Non-regularity of H∗(z)

Theorem (KKS, 2012)

For w in non-crossing with p1 = s1,H∗(w) is regular iff

1. pi ∈ Sα(w)∗ or Sα(w) ⊆ {p1, . . . ,pi}∗ for all i ≤m and

2. si ∈ Pα(w)∗ or Pα(w) ⊆ {s1, . . . , si}∗ for all i ≤ n.

Example

z = αbαcααdαdα
Pα(z) = {ε,αb,αbαc}
Sα(z) = {ε,bα,dαbα}
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The Crossing Case

Questions

1.) Given w ∈ Σ∗, isH∗(w)
?
∈ REG decidable?

2.) Does w ∈ Σ∗ exist s. t. H∗(w) is context-free but not regular?

3.) Find another “nice” class for whichH∗(w)
?
∈ REG is decidable.

4.) When does w occur only once in every z ∈ H∗(w)?

5.) When can the original w in z ∈ H∗(w) be determined?
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Thank you!
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Questions?
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