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Logical frameworks and the λΠ-calculus

A calculus with dependent types: array : nat → Type.

In a Curry-de Bruijn-Howard fashion, the λΠ-calculus is a language
representing proofs of minimal predicate logic.

At least two possibilities to increase expressiveness:

1. enrich the λΠ-calculus by adding more deduction rules (e.g.
CIC);

2. liberalize the conversion rule (λΠ-calculus modulo).
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The λΠ-calculus modulo

Var 3 x , y , z

Term 3 t,A,B ::= x | λx :A. M | Πx :A. B | M N | Type | Kind

Figure : Grammar of the λΠ-calculus modulo
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Typing rules: Abstractions

Γ ` A : Type Γ, x :A ` B : s
(prod)

Γ ` Πx :A. B : s

Γ ` A : Type Γ, x :A ` B : s Γ, x :A ` M : B
(abs)

Γ ` λx :A. M : Πx :A. B

s ∈ {Type,Kind}
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Typing rules: Dependent application

Γ ` M : Πx :A. B Γ ` N : A(app)
Γ ` M N : {N/x}B
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Typing rules: Conversion modulo

Γ ` M : A Γ ` A : s Γ ` B : s(conv) A ≡βR B
Γ ` M : B
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A Dedukti signature

∀y , 0 + y = y

∀x , ∀y , S x + y = S (x + y).

nat : Type .
Z : nat .
S : nat → nat .
p l u s : nat → nat → nat .

[ y : nat ] p l u s Z y ↪→ y
[ x : nat , y : nat ] p l u s ( S x ) y ↪→ S ( p l u s x y ) .
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Dedukti’s goals & tools

I Versatility (HOL v.s. proofs by reflexion).

I Simplest compilation scheme.

I Small proof terms.
I Use compilation techniques.

I Plenty of efficient compilers available;
I reuse them off the shelf (separate concerns).
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Dedukti’s architecture

a.out.dk
Dedukti

.dko
Compiler

Runtime
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Dedukti’s calculus

` M ⇒ C C −→∗w Πx : A. B ` N ⇐ A
App

` M N ⇒ {N/x}B

C −→∗w Πx : A. B ` {[y : A]/x}M ⇐ {y/x}B
Lam ` λx . M ⇐ C

I Compute on terms (find whnf).

I Inspect terms.

I Substitute variables.

Hence the need of two translations.
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Two interpretations

The static version of terms in HOAS (p.q).

data Term =
Lam ( Term → Term )

| App Term Term
| V Term

pxq = V x

pλx . tq = Lam (λx .ptq)

pa bq = App paq pbq

With this interpreter:

eval (V x) = x

eval (Lam f ) = λx .eval (f x)

eval (App a b) = (eval a)(eval b)

How to peel the result of the evaluation?
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Two interpretations

eval’ (V x) = x

eval’ (Lam f ) = L (λx .eval’ (f x))

eval’ (App a b) = app (eval’ a) (eval’ b)

app (L f ) x = f x

app a b = A a b

JxK = x

Jλx . tK = L (λx .JtK)

Ja bK = app JaK JbK
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The dynamic version of terms (J.K).
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Compilation to Lua

Dedukti generates one time usage Lua type checkers.

I Lua is a minimal programming language.

I Lua enjoys a very fast cutting edge JIT (luajit).

I Lua is not statically typed, not statically scoped.
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The JIT compromise

Figure : Compilation vs JIT vs Interpreter (y = Time(1000 fib(x)))
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Contributions of this work

I Brand new type checker using JIT compilation;

I some new optimizations w.r.t Boespflug’s previous
implementation;

I smaller proof terms using bidirectional type checking;

I combination of bidirectional and context-free systems in a
“modulo” setting proven sound;

I hacking on CoqInE to match the new implementation
(available in the current release).
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Conclusion

I Dedukti is
I 1285 lines of C (+ 451 lines of comments);
I blazingly fast on resonably sized examples;
I not worse than an interpreter for computation free examples;
I generating Lua code.

I Using a JIT allows a smoother behavior of type checking
times.

I Accepted system description in the PxTP workshop.

I Next steps: improve our control on generated code, cope with
luajit’s limits.

Conclusion
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