
Coma: an intermediate verification language
with explicit abstraction barriers

Paul Patault

supervised by Jean-Christophe Filliâtre and Andrei Paskevich

March 18 2026 @ NOVA LINCS



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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  ensures  forall i :: 0 ⩽ i < |values| ⟹ values[i] ⩽ max
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implementation
client

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

→ we prove preconditions
→ we assume postconditions
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WP(x ← 𝑣, Φ) ≜ Φ[x ↦ 𝑣]

WP(if c then e else d, Φ) ≜ if c then WP(e, Φ) else WP(d, Φ)

WP(while c invariant 𝜑 do e done, Φ) ≜ 𝜑 ∧ ∀𝑣. (𝜑 → if c then WP(e, 𝜑)
else Φ )[𝑤𝑖 ← 𝑣𝑖]

Pre𝑓 ⟹ WP(Body𝑓 , Post𝑓)
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Key ideas

1. Mix specification with the code
• in-code assertions assume the role of preconditions and postconditions

2. Explicit abstraction barriers separate interface from implementation
• instructions and assertions above the barrier are verified on every call
• everything below the barrier is verified once on the definition site

3. At an intermediate level
• these features can be managed by the tool
• the final user does not need to understand all internals
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Coma [Paskevich, Patault, Filliâtre (ESOP 2025)]

pure data
control flow

Coma code is written in multibarrel continuation-passing style (CPS)
• handlers give back control by calling their continuation parameters
• can express conditionals, loops, function calls, exceptions

x, y, z variable

s, t  ⩴ x | 0 … | s + t… term

h, g, f handler symbol

k, o  ⩴ h | fun x- g- ⟶ e (un)named handler

e, d  ⩴ k s- o- handler call

| let rec f s- o- = d in e handler definition
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Coma [Paskevich, Patault, Filliâtre (ESOP 2025)]

pure data
control flow

x, y, z variable

s, t  ⩴ x | 0 … | s + t… term

𝜑, 𝜓 ⩴ s > t… | 𝜑 ∧ 𝜓 … formula

h, g, f handler symbol

k, o  ⩴ h | fun x- g- ⟶ e (un)named handler

e, d  ⩴ k s- o- handler call

| let rec f s- o- = d in e handler definition

| assert  𝜑 ; e blocking assertion

| hide e abstraction barrier
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The code is the contract
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) ))

6 / 14



The code is the contract
let rec fib (n: int) (out: int ⟶ ⊥): ⊥
= hide 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) ))

6 / 14



The code is the contract
let rec fib (n: int) (out: int ⟶ ⊥): ⊥
= assert n ⩾ 0 ;
  hide 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) ))

6 / 14



The code is the contract
let rec fib (n: int) (out: int ⟶ ⊥): ⊥
= assert n ⩾ 0 ;
  hide if n < 0 then fail  else
       if n < 2 then out n else
       fib (n-2) (fun x ⟶
       fib (n-1) (fun y ⟶
       assert (x+y) = F(n) ; out (x+y) ))

6 / 14



The code is the contract
let rec fib (n: int) (out: int ⟶ ⊥): ⊥
= let ret r = assert r = F(n) ;
              hide out r in
  assert n ⩾ 0 ;
  hide if n < 0 then fail  else
       if n < 2 then out n else
       fib (n-2) (fun x ⟶
       fib (n-1) (fun y ⟶
       ret (x+y) ))

6 / 14



The code is the contract
let rec fib (n: int) (out: int ⟶ ⊥): ⊥
= let ret r = assert r = F(n) ;
              hide out r in
  assert n ⩾ 0 ;
  if n < 0 then fail else
  hide if n < 2 then out n else
       fib (n-2) (fun x ⟶
       fib (n-1) (fun y ⟶
       ret (x+y) ))

6 / 14



The code is the contract
let rec fib (n: int) (out: int ⟶ ⊥): ⊥
= let ret r = assert r = F(n) ;
              hide out r in
  if n < 0 then fail else
  hide if n < 2 then out n else
       fib (n-2) (fun x ⟶
       fib (n-1) (fun y ⟶
       ret (x+y) ))

6 / 14



The code is the contract
let rec fib (n: int) (out: int ⟶ ⊥): ⊥
= let ret 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 ⟶
       ret (x+y) ))

6 / 14



The code is the contract
let rec fib (n: int) (out: int ⟶ ⊥): ⊥
= let ret 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 ⟶
       ret (x+y) ))

implementation
client

fib 42 (fun r ⟶ assert r > 108 ; halt)

6 / 14



The code is the contract
let rec fib (n: int) (out: int ⟶ ⊥): ⊥
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              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 ⟶
       ret (x+y) ))

implementation
VC of the client

fib 42 (fun r ⟶ assert r > 108 ; halt)

(42 < 0 ⟶ false) ∧
(0 ⩽ 42 < 2 ⟶ 42 > 108) ∧
(∀r. r = F(42) ⟶ r > 108)
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The code is the contract
let rec fib (n: int) (out: int ⟶ ⊥): ⊥
= let ret 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 ⟶
       ret (x+y) ))

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

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

𝒞(h) ≜

𝒞(fun x- g- ⟶ e) ≜

𝒞(k s- o-) ≜

𝒞(let rec f x- g- = d in e) ≜

𝒞(assert 𝜑 ; e) ≜

𝒞(hide e) ≜
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standard library

halt ≜ ⊤
fail ≜ ⊥ & ⊤

if ≜ 𝜆cfg. (c → f) ∧ (¬c → g)
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Modal VCgen

verify above barrier
verify below barrier
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Neutralisation

Removes the proper goal of the underlying formula.

let f x g = let out z = assert Q x z ; hide g z in Coma
assert P x ; hide …

let f x g = (P x & ⊤) ∧ (∀z. Q x z → g z) in … VC

♮f = 𝜆xg.(P x → ⊤) ∧ (∀z. Q x z → g z) ♮VC

= 𝜆xg.∀z. Q x z → g z
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♮Φ ≡ ⊤  when Φ : Prop

ΦΨ ≡ Φ(♮Ψ) ∧ (♮Φ)Ψ

Υ(Φ ∧ Ψ) ≡ ΥΦ ∧ ΥΨ  when ♮Ψ1 = ♮Ψ2

𝒞(𝑒) ≡ 𝒜(𝑒) ∧ ℬ(𝑒)
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Computation rules

Fully applied VCs reduce to first-order formulas

• ∀h.Φ ≜ let h x- g- = ⊥ & ⋀
g
∀z-o-. g z- o- in Φ

• 𝛽-reduction eliminates bound predicate variables

• non-neutralized Φ & Ψ becomes Φ ∧ Ψ
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To go further

ESOP 2025
→ more details

Dafny 2026
→ many examples
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Current/Future work

Rocq-Coma

• formalizing Coma’s logic
and VC generator in Rocq

• proofs by logical relations

• formalization with Autosubst

Cameleer ⇝ Coma

• OCaml deductive verification

• reason of my visit

• with Mário Pereira and Beatriz Rosas
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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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Take away

Coma

• new IVL with strong pen-and-paper theory

• features an explicit abstraction barrier

• makes specification more concise and natural

• used by Creusot

ESOP 2025

Dafny 2026
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Crash

let crash = (fun f ⟶ hide f) fail in crash
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