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Deductive verification 101

method Maximum(values: seq<int>) returns (max: int)
{
  max := values[0];
  for idx := 0 to |values| {
    if max < values[idx] {
      max := values[idx];
    }
  }
}
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implementation
client

var m := Maximum(v);
...

→ we prove preconditions
→ we assume postconditions
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Coma [Paskevich, Patault, Filliâtre (ESOP 2025)]

• “minimal”
– function definition and application
– logical assertions

• continuation-passing-style (CPS)
– enable the encoding of many control structures
– simpliflies verification conditions generation (VCgen)

• explicit abstraction barrier
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Abstraction barrier
let rec fib (n: int) (out: int ⟶ ⊥): ⊥

= if n < 0 then fail () else

  if n < 2 then out n   else

  fib (n-2) (fun x ⟶
  fib (n-1) (fun y ⟶
  out (x+y) ))
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  hide fib (n-2) (fun x ⟶
       fib (n-1) (fun y ⟶
       out (x+y) ))

implementation
VC of the client

fib 42 (fun r ⟶ assert { r > 108 } halt ())

(42 < 0 ⟶ false) ∧
(0 ⩽ 42 < 2 ⟶ 42 = F(42)) ∧
(∀r. r = F(42) ⟶ r > 108)
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Abstraction barrier
let rec fib (n: int) (out: int ⟶ ⊥): ⊥

= let out r = assert { r = F(n) } hide out r in
  if n < 0 then fail () else

  if n < 2 then out n   else

  hide fib (n-2) (fun x ⟶
       fib (n-1) (fun y ⟶
       out (x+y) ))

implementation
VC of the definition∀n. not n < 0 ⟶ not n < 2 ⟶

  (n-2 < 0 ⟶ false) ∧
  (0 ⩽ n-2 < 2 ⟶ n-2 = F(n-2)) ∧
  (2 ⩽ n-2 ⟶ ∀x. x = F(n-2) ⟶
   (n-1 < 0 ⟶ false) ∧
   (0 ⩽ n-1 < 2 ⟶ n-1 = F(n-1)) ∧
   (2 ⩽ n-1 ⟶ ∀y. y = F(n-1) ⟶
    x + y = F(n)))
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Modal VCgen

𝒞: verification at call site
𝒟: verification at definition site

𝒞(assert { φ } e) ≜ 𝜑 ∧ 𝒞(e)

𝒟(assert { φ } e) ≜ 𝜑 ⟶ 𝒟(e)

𝒞(hide e) ≜ ⊤

𝒟(hide e) ≜ 𝒞(e) ∧ 𝒟(e)
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To go further

Dafny 2026
→ more examples

ESOP 2025
→ more details
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Application: Creusot [Denis, Jourdan, Marché, Golfouse]

• Creusot: deductive verifier for Rust
• uses Coma IVL
• barrier allows specification inference of closures

let o = Some(42);

let a = o.map(
  #[requires(x@ + 1 ⩽ i32::MAX@)]
  #[ensures(result@ == x@ + 1)]
  |x| x + 1,
);
let b = o.map(
  #[requires(2 * x@ ⩾ i32::MIN@)]
  #[requires(2 * x@ ⩽ i32::MAX@)]
  #[ensures(result.0@ == 2 * x@)]
  #[ensures(result.1  == x)]
  |x| (2 * x, x),
);
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  #[requires(2 * x@ ⩽ i32::MAX@)]
  #[ensures(result.0@ == 2 * x@)]
  #[ensures(result.1  == x)]
  |x| (2 * x, x),
);

 let o = Some(42);

 let a = o.map(|x| x + 1);

 let b = o.map(|x| (2 * x, x));
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Take away

Coma

• new IVL

• explicit abstraction barrier

• used by Creusot

ESOP 2025

Dafny 2026
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