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Sorting Functions
Refactor Tool Example

def abs(x: Int): Int = 
  if (x < 0) then 
    -x  
  else  
    x 
end abs 
def mul(x: Int, y: Int): Int = 
  x * y 
end mul 
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R-Paths
Introduction

      s1 s2 s3

Formally, R-Path predicate

pR(s) = ∀i, 1 ≤ i < |s | − 1 ⟹ R(si, si+1)

Predicates over sequences requiring only local computations

Given a binary relation , a sequence  is an 
R-Path if the relation holds for each consecutive pair

R s = s1, s2, …, sn

13
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R-Path
Efficient operations with statically checked invariant

Efficient to manipulate with a mix of static and runtime checks
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Hash Tables Performance
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Insert N pairs, remove N/2, insert N

 Our verified mutable hash table 
outperforms the Scala library 
unverified immutable map

⇒
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Regular expression engine

Memoized zipper-derivatives computation yielding DFAs

Lexing

Memoization enables linear complexity lexing (Reps 1998)1

Longest prefix computation

1Reps, Thomas. 1998. “‘Maximal-Munch’ Tokenization in Linear Time.” ACM Trans. Program. Lang. Syst. 20 (2): 259–73. https://doi.org/10.1145/276393.276394.
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Module Program Spec + Proof Total
Longest Match Lexing 580 2030 2610
Lexer Printing + Invertibility 130 1430 1560
Regex Derivative Based Matching 470 2440 2910
Zipper Based Matching 390 2670 3060
BalanceConc 255 320 575
List & Set lemmas - 1610 1610
Mutable HashMap (excluding LongMap) 90 2700 2790
Total 1'915 13'200 15'115
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Mutable LongMap 410 8200 8610
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Input: “ ”aaa…a

For 100’000 characters: 

• Flex: 24.3 seconds 

• ZipLex: 27.5 milliseconds 
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Input: JSON 
objects and 
arrays1

1Ouedraogo, Wendlasida, Gabriel Scherer, and Lutz Strassburger. 2023. “Coqlex: Generating Formally Verified 
Lexers.” The Art, Science, and Engineering of Programming 8 (1): 3.

Coqlex works 
on ASCII 
alphabet and 
does not verify 
invertibility
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r1 = a+ r2 = b+ r3 = (a |b)+

Separability is affected by ALL the rules
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r1 = a+ r2 = b+

aa bb aabbcc

r3 = (a |b)+ ⋅ c

Separability is affected by following tokens
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