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• Finite state machines that produce output.

• Functional

• Sequential (DFA)

• Rational (Unambiguous NFA)
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Closeness of transducers

• Functional equivalence

• Relax it : on any input, the respective outputs are “approximately” the same

• We can convert one output to another by a few “edits”

• Ex: substitute a letter with another

• Ex: insert a letter, or delete a letter

• The number of such edits needed can indicate some “distance” between 
two words
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d(u, v) = {0 if u = v
∞ otherwise

(Equivalence Problem)

d(u, v) = {∞ if |u | ≠ |v |
|{i ∣ ui ≠ vi} | otherwise

d(u, v) = Minimum number of insertions, deletions 
and substitutions required to convert  to u v
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Unbounded Edit Distance - Example

Output letters at odd positions Output letters at even positions

 (ab)n → (an, bn)



Bounded Lev Edit Distance - Example

• For each block of , output a 

• For each block of , output b

a

b

• For each block of , output b 

• For each block of , output a

a

b

 aaabbabbba → (ababa, babab)
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Output ’s before a b

Output ’s after a b

    ,aaba → (a, ϵ) ⋅ (a, ϵ) ⋅ (ϵ, ϵ) ⋅ (ϵ, a) = (aa a)
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• Construct a cartesian product automaton of given two transducers. 

• Check if loops generate words of the same length. Yes: continue; No: not -closek

• Compute the delay.

• Start with budget . Non-deterministically do edits, update the budget and residues 
appropriately. Budget is not allowed to be negative.

k

• Check if the language accepted is the domain. Yes: -close; No: not -close.k k
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More on conjugates

• G = {(ui, vi) ∣ i ∈ I}

• Is  conjugate?⟨G⟩

•  ,  ⟨G⟩ = {(ui1ui2⋯uin vi1vi2⋯vin ) ∣ n ≥ 1,ij ∈ I}

where each  and  are conjugatesui vi
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For Levenstein

• Get a rational expression from the cartesian product

• Express it as a sum of sum-free expressions

• Structural induction. For star, do a Check conjugacy of  .⟨G⟩
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For Levenshtein

• Two transducers are close w.r.t. Levenshtein edit distance iff all the cycles in 
their Cartesian product are conjugates.

Closeness w.r.t. Levenshtein edit distance reduces to 
deciding conjugacy of rational relations.
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Decidable



Thank you


