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When is Kleene star of a set of pairs 
conjugate?

 

 

Question: Are all the pairs obtained by concatenation conjugates?

Conjugate PCP Problem - Undecidable [4].

exists
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23

Roots of a Set

 



24

Roots of a Set

 

 



25
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Theorem ( Infinitary Version of 
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From Second theorem of Lyndon-Schützenberger
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Theorem ( Infinitary Version of 
Lyndon-Schützenberger Theorem )

 

Prove for finite number of pairs and later extend to infinite pairs.
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• Cut Lemma

• Equal Length Lemma

• Conjugate Fine and Wilf Theorem [2]
 

 

Main Lemmas 
Used:

Strategy: extensive case analysis.



38

 

 

 



39

 

 

 

 



40

 

 

 

 

 

 



41

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



42

 

 

 

 

 



43

 

 

Theorem ( Infinitary Version of 
Lyndon-Schützenberger Theorem )

 



44

 

 

Theorem ( Infinitary Version of 
Lyndon-Schützenberger Theorem )

 



45

Common Witness Theorem of a 
Sumfree Expression

Theorem: A sumfree expression of pairs is conjugate if and only if it has 
a common witness.
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Application : Comparing 
Transducers



Finite State 
Transducers
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•  

• Functional Transducers: every input has at most one output.
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Comparing Transducers

• Functional Equivalence - decidable [7]

• Can we meaningfully compare two inequivalent transducers?

• On any input, the respective outputs are “approximately” the same?

• Convert one output to another using few “edits”?
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Comparing Transducers

• Functional Equivalence

• Can we meaningfully compare two inequivalent transducers?

• On any input, the respective outputs are “approximately” the same?

• Convert one output to another using few “edits”?

• Edits? - Ex: substitute a letter with another,  insert a letter, or delete a letter.

• The number of such edits needed can indicate some “distance” between the words.
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Proof of Compactness Theorem

 

• There are two cases:
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Proof of Compactness Theorem

 

• Case 2: Every finite subset has infinitely many witnesses.
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Metric on words

 

 

 Example:  discrete metric
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Some Metrics

• Discrete Metric 
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Some Metrics

• Discrete Metric 

• Levenshtein Edit Distance - insertions, deletion and substitutions 

• Conjugacy Distance - cyclic shifts

• Hamming Distance - substitutions 

• Transposition Distance - swapping adjacent letters

• Longest Common Subsequence - insertions and deletions

• Damerau Levenshtein Edit distance - insertion, deletion, substitution and 
transpositions
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Closeness w.r.t Levenshtein or Conjugacy 
Distance

• For Conjugacy distance: check Conjugacy of the rational 
expression.

• For Levenshtein distance?  
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Closeness w.r.t Levenshtein or Conjugacy 
Distance

• For Conjugacy distance: check Conjugacy of the rational 
expression.

• For Levenshtein distance?  


