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Why3

Faut-il le présenter ?



//why3.org

Sources
Types (ADT, polymorphes),


Fonctions (récursives, bien fondées)


Prédicats, Lemmes, Axiomes (1er ordre, classique)


Routines (effets, records mutables, exceptions, 

logique de Hoare)why3
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Plein	de	preuves	!





Sources 10 kloc (mlw)


Doc 5 kloc (md)


~2500 Preuves


Alt-Ergo + z3 + cvc4


split_vc + compute_in_goal



Passage	à	l’échelle	?

➡ Modularité


➡ Preuves automatiques vs interactives


➡ Puissance de calcul (parallélisation)


➡ Maintenance (dépendances)


➡ Collaboration (versions, co-développement)


➡ Partage (bibliothèque)

Questions de génie logiciel :

Questions de confiance :

➡ Reproductibilité (configuration, temps de preuve)


➡ Base de confiance (hypothèses, axiomes)


➡ Documentation



why3find

faciliter :

le développement,


la vérification et l’audit,

la collaboration et le partage,


pour et avec Why3 📦 !



why3find

$ opam install why3find



why3find



why3find

$ why3find --help
why3find [-h|--help]
why3find [-v|--version]
why3find where
why3find shared
why3find init
why3find list
why3find query [PKG...]
why3find config [OPTIONS] PROVERS
why3find prove [OPTIONS] PATH...
why3find doc [OPTIONS] PATH...
why3find extract [OPTIONS] MODULE...
why3find server OPTIONS
why3find worker OPTIONS
why3find install PKG PATH...
why3find uninstall [PKG...]
why3find compile [-p PKG] FILE
why3find ide [-p PKG] FILE
why3find replay [-p PKG] FILE
why3find CMD [ARGS...]



JFLA	2024

A. Preuves


B. Hypothèses


C. Documentation



Preuves

Automatisation


Maintenance


Reproductibilité



Why3	workflow

Sources

why3

ide

prouveurs sessions



Why3	workflow

Sources

why3 
check

why3

ide

prouveurs sessions





why3	ide	—	auto-level	2	&	3

VIP provers 1s

Split

VIP provers 5s



Les	preuves	à	l’épreuve	du	réel…

Maintenance

➡ Temps limite de preuve (changement de machine)


➡ Sessions why3 (machine, volatile, merge)


➡ Rejeu, audit ?

➡ Recherche incrémentale


➡ Cache de prouveurs


➡ Dépendances

Reproductibilité

Automatisation

➡ Prouveurs (interactifs, automatiques)


➡ Transformations (stratégies, transformations)



Use Split &

Lemma Functions !

No More

Interactive Provers !

Go to IDE

for DEBUG only !



Des	routines	avec	des	contrats…



Logique	de	Hoare

let foo x y : τ
requires H(x, y)
returns r ↦ P(x, y, r)

= (* code *)



Logique	de	Hoare

let foo

∀x, y . H(x, y) → 𝗅𝖾𝗍 r = 𝖿𝗈𝗈 x y 𝗂𝗇 P(x, y, r)

x y : τ
requires H(x, y)
returns r ↦ P(x, y, r)

= (* code *)

theorem foo-wp : 



Logique	de	Hoare	&	Isormorphisme	de	Curry-Howard

let foo x y : τ
requires H(x, y)
returns r ↦ P(x, y, r)

= (* code *)

theorem foo-lemma : 

∀x, y . H(x, y) → ∃r . P(x, y, r)



Lemma	Functions



Lemma	Functions



Lemma	Functions	(inductive	case)



Lemma	Functions	&	preuves	par	induction



why3find	proof	strategy

try all provers

in sequence

1/5 timeout

try all provers

in parallel


normal timeout

try all transformations

in sequence


stick to first applicable

try all provers

in parallel


twice normal timeout

why3find config


why3find prove [options]



Calibrage	des	prouveurs



Témoins	de	preuve
$ cat sequence/proof.json
{
  "profile": [
    { "prover": "Alt-Ergo,2.4.2", "size": 17, "time": 0.8175 },
    { "prover": "CVC4,1.8", "size": 40, "time": 0.36 },
    { "prover": "Z3,4.8.15", "size": 34, "time": 0.87 }
  ],
  "proofs": {
    "Seq": {
      "mixfix []": { "prover": "alt-ergo", "time": 0.007 },
      "head": { "prover": "alt-ergo", "time": 0.004 },
      "tail": { "prover": "alt-ergo", "time": 0.004 },
      "reflexivity": { "prover": "alt-ergo", "time": 0.003 },
      "extensivity": { "prover": "alt-ergo", "time": 0.041 },
      "equal": { "prover": "alt-ergo", "time": 0.033 },
      "hd": { "prover": "alt-ergo", "time": 0.004 },
      "tl": { "prover": "alt-ergo", "time": 0.003 },
      "create": { "prover": "alt-ergo", "time": 0.006 },
      "reset": { "prover": "alt-ergo", "time": 0.003 },
      "init": { "prover": "alt-ergo", "time": 0.009000000000000001 },
      "map": { "prover": "alt-ergo", "time": 0.01 },
      "infix ++": { "prover": "alt-ergo", "time": 0.026000000000000002 },
      "mixfix [..]": { "prover": "alt-ergo", "time": 0.038 },
      "mixfix [.._]": { "prover": "alt-ergo", "time": 0.006 },
      "mixfix [_..]": { "prover": "alt-ergo", "time": 0.006 },
      "split": {
        "tactic": "split_vc",
        "children": [
          { "prover": "alt-ergo", "time": 0.02 },
          { "prover": "alt-ergo", "time": 0.004 }
        ]
      },
      "fullsplit": {
        "tactic": "split_vc",
        "children": [
          { "prover": "alt-ergo", "time": 0.032 },
          { "prover": "alt-ergo", "time": 0.01 }
        ]
      },
      "infix +.": { "prover": "alt-ergo", "time": 0.007 },
      "infix .+": { "prover": "alt-ergo", "time": 0.008 },
      "mixfix [<-]": { "prover": "alt-ergo", "time": 0.02 },
      "memcpy": { "prover": "alt-ergo", "time": 0.049 }
    },
    "Codomain": { "codomain": { "prover": "z3", "time": 0.18 } }
  }
}%                                                                    



Tout	en	ligne	de	commande	!

$ why3find prove -i


$ why3find prove -f


$ why3find prove -m


$ why3find prove -r

# debug within IDE


# force rebuild proof


# minimize proof tree


# replay from certificate



Hypothèses

Traçabilité


Incohérences





C’est	de	la	triche	!



Modules	&	clones

module A


   

end

x1 : t1 … xn : tn



Envoyez	les	clones	!



C’est	(encore)	de	la	triche	!



Consolidation	des	Hypothèses

Tout module avec des hypothèses

doit avoir une instance (transitivement) close

La construction « assume » est interdite

Traçabilité dans la documentation



Documentation

Spécifications vs. Code vs. Preuves





why3find	doc

➡ Un peu de style (markdown)


➡ Structure, pagination (literate)


➡ Parties cachées (preuves, remarques, etc.)


➡ Pages de documentation (hors sources)


➡ Liens inter-paquets

Documentation

Consolidation

➡ Témoins de preuve


➡ Complétude des preuves


➡ Traçabilité des hypothèses


➡ Signature des clones


➡ Clones sans instance close



Conclusion

➡ Développement


➡ Maintenance


➡ Reproductibilité


➡ Documentation


➡ Distribution

Faire des paquets de preuves ?



Happy	Proving	!

$ opam install why3find


