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case class StormDay(moves: Int, errors: Int): 

def accuracyPercent: Float = { 

100 * (moves - errors) / moves.toFloat 

}
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typecasts to integers



Case Study: a verified math library

13



Case Study: a verified math library
• Problem: transcendental functions (exp, cos, pow, …) not supported by solvers

13



Case Study: a verified math library
• Problem: transcendental functions (exp, cos, pow, …) not supported by solvers

• KeY’s solution: function lemmas (sound, not complete)

13



Case Study: a verified math library
• Problem: transcendental functions (exp, cos, pow, …) not supported by solvers

• KeY’s solution: function lemmas (sound, not complete)

• In Stainless:

13

object Sin { 
  def compute(x: Double): Double = { 
    … // ~1000 lines of code and specification 
  }.ensuring(res => 
    (!x.isFinite == res.isNaN) 
    && (x.equiv(+0.0d) ==> res.equiv(+0.0d)) 
    && (x.equiv(-0.0d) ==> res.equiv(-0.0d)) 
    && (res.isNaN || -1.0d <= res && res <= 1.0d) 
  ) 
}



Case Study: a verified math library
• Problem: transcendental functions (exp, cos, pow, …) not supported by solvers

• KeY’s solution: function lemmas (sound, not complete)

• In Stainless:

13

object Sin { 
  def compute(x: Double): Double = { 
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• KeY axiomatizes the lemmas; we prove them in Stainless
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Case Study: a verified math library
• We add a math library based OpenJDK/FdLibm

• In total: 84 lemmas for 18 functions

• Straightforward for 15/18 functions


• by re-writing in a functional style + using Bitwuzla

• sin(), cos(), and tan() are more complicated


• multiple modifications required
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Using a solver portfolio, Stainless solves:

Common 
specification

79 benchmarks / 1600 VCs

Annotate



• Using one solver at a time:


•

Evaluation: SMT-solver comparison

17



• Using one solver at a time:


•

Evaluation: SMT-solver comparison

17

Bitwuzla limited by 
theory support, 
not performance



• Using one solver at a time:


•

Evaluation: SMT-solver comparison

17

Bitwuzla limited by 
theory support, 
not performance



• FdLibm solving time, VCs supported by all solvers:

Evaluation: SMT-solver comparison

0 50 100 150 200

10°2

10°1

100

101

102 cvc5
Bitwuzla
Z3

18

#VCs

Ti
m

e



• FdLibm solving time, VCs supported by all solvers:

Evaluation: SMT-solver comparison

0 50 100 150 200

10°2

10°1

100

101

102 cvc5
Bitwuzla
Z3

18

#VCs

Ti
m

e

Bitwuzla is fast!



Also in the paper…
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More details about:


• the case study


• reconciling JVM vs SMT-LIB semantics


• keeping polymorphism sound


• mining and annotating GitHub functions


• the evaluation results


