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THE MI-CALCULUS AT THE CORE

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

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

At least two choices to increase expressiveness:

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

2. liberalize the conversion rule (AlM-calculus modulo).
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THE MI-CALCULUS MODULO

Var 3 x,y,z
Term > t, A, B 2= x | AxtA. M | Nx:A. B| M N | Type | Kind

F1GURE: Grammar of the All-calculus modulo

THE \N1-CAT.CUTUS MODUT.O



TYPING RULES: ABSTRACTIONS

M= A: Type MNxAFB:s

(prod) FFTNxA B-s

(abs) M= A: Type NxAFB:s MNxAFM:B

M= Ax:A. M : Tx:A. B

s € {Type, Kind}
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TYPING RULES: DEPENDENT APPLICATION

N M:TMNx:A B Fr=N:A
=M N:{N/x}B

(app)
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TYPING RULES: CONVERSION MODULO

r-M: A FrA:s TEB:s 4
r'-m:B

(conv) =sr B
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A DEDUKTI SIGNATURE

Vy,0+y=y
Vx,Vy,Sx+y =S (x+y).

nat : Type.

Z : nat.

S : nat — nat.

plus : nat — nat — nat.
[y:nat] plus Z

y —y
[x:nat, y:nat] plus (S x) y = S (plus x y).
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A SAMPLE DERIVATION

In the following context:

[ := nat:Type, vec:nat — Type,
cat:Mn:nat. NMm:nat. vec n — vec m — vec (n+ m)

n:nat, v:vec n.

we have

I+ cat:... [+ n:nat [Fv:vecn
Fcatnnvv:vec (n+n)

(apps)

(conv) Nk cat nnvv:vec (2x*n)

THE \N1-CAT.CUTUS MODUT.O



DEDUKTI’S GOALS

> Fast type checking of an extensible A-calculus.
» Use compilation techniques.

» Plenty of efficient compilers available;

» reuse them off the shelf (separate concerns).
» Lightest possible runtime system.

Two choices are possible:
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DEDUKTI’S GOALS

> Fast type checking of an extensible A-calculus.
» Use compilation techniques.

> Plenty of efficient compilers available;
» reuse them off the shelf (separate concerns).

> Lightest possible runtime system.

Two choices are possible:

» generate a specific type checker for each theory (LFSC);

> generate a specific type checker for a set of terms (DEDUKTTI).
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THE BIG PICTURE

.dk ) .dko ) a.out
Dedukti Compiler
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TWO INTERPRETATIONS

We fully embed the type checking logic in the target language.

Generated data/code must fit two purposes:

1. Type checking (static representation).

2. Normalizing (dynamic representation).

THE DEDUKTI PROOF CHFEFCKER



TWO INTERPRETATIONS

The static version of terms in HOAS (".7).

data Term =
Lam (Term — Term)
| App Term Term
| B Term

"x17=B x
"Ax. t7 = Lam (Ax."t7)
I_a b_l — App I_37 l_b—l
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TWO INTERPRETATIONS

The static version of terms in HOAS (".7).

data Term =
Lam (Term — Term)
| App Term Term

| B Term
With this interpreter:
"x1=Bx eval (B x) = x
"Ax. t7 = Lam (Ax."t7) eval (Lam f) = Ax.eval (f x)
Fab’ =AppTa’’p" eval (App a b) = (eval a)(eval b)

How to peel the result of the evaluation?

THE DEDUKTI PROOF CHFEFCKER



TWO INTERPRETATIONS

eval' (B x) = x
eval' (Lam f) =L (Ax.eval’ (f x))
eval' (App a b) = app (eval’ a) (eval’ b)

app (L) x="Fx
appab=Aab
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TWO INTERPRETATIONS

eval' (B x) = x
eval' (Lam f) =L (Ax.eval’ (f x))
eval' (App a b) = app (eval’ a) (eval’ b)

app (L f) x=1F x
appab=Aab
The dynamic version of terms ([.]).

[.]=eval'o™.™ [x] = x
[Ax. t] =L (Ax.[t])
[a 6] = app [a] [6]
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TWO INTERPRETATIONS

eval' (B x) = x
eval' (Lam f) =L (Ax.eval’ (f x))
eval' (App a b) = app (eval’ a) (eval’ b)

app (L) x="Fx

appab=Aab
"x7=B x [x] = x
FAx. t7=Lam (Ax."t7) [Ax. t] =L (Ax.[t])
“a b7 = App Tal ThT [a b] = app [2] [5]

THE DEDUKTI PROOF CHFEFCKER



CONTEXT FREE TYPE CHECKING

DE BRUIIN’S CRITERION
We must have the simplest possible runtime.

As a solution, we rely on the host language’s features.

Judgements become closures: we move from '+ t:T to - t:T;
substitutions are performed using HOAS.

Term > t,A,B=x|[y: T]| Ax. M|Mx:A. B| M N | Type | Kind
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CONTEXT FREE TYPE CHECKING

C —! MNx:A. B F{ly : Al/x}M <= {y/x}B

(abs®)
FAx. M« C
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CONTEXT FREE TYPE CHECKING

C —! MNx:A. B F{ly : Al/x}M <= {y/x}B

(abs®)
FAx. M« C

Which maps trivially to this Haskell snippet:

check n (Lam f) (Pi a t) =
check (n + 1) (f box) (t var)
where box = Box n a
var = Var n

THE DEDUKTI PROOF CHFEFCKER



DEDUKTI ON A SIMPLE EXAMPLE

Module ‘ DEDUKTI ‘ Compilation and execution

Coq.Init.Logic ‘ 50 sec ‘ 1 min 13 sec + 0.261 sec
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DEDUKTI ON A SIMPLE EXAMPLE

Module ‘ DEDUKTI ‘ Compilation and execution

Coq.Init.Logic ‘ 50 sec ‘ 1 min 13 sec + 0.261 sec

Module | CHICKEN |

Coq.Init.Logic ‘ 0.170 sec ‘

BETTER PFRFORMANCE USING JIT CcCOMPIT.ATION



A COMPLETE REWRITE

DEDUKTI was freshly (6 weeks ago) rewritten in C.
Simple observation: the translator is a syntactic map.

This allows a new design:
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A COMPLETE REWRITE

DEDUKTI was freshly (6 weeks ago) rewritten in C.
Simple observation: the translator is a syntactic map.

This allows a new design:

1. the translator can be an online program (work in a stream
friendly way);

2. the internal state of the translator is tiny, hence no garbage
collection is needed.
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A COMPLETE REWRITE

DEDUKTI now switches from Haskell to Lua.

> Lua is a minimal programming language.
» Lua enjoys a very fast cutting edge JIT (luajit).

» Lua is not statically typed, not scoped.

BETTER PFRFORMANCE USING JIT CcCOMPIT.ATION



A HUGE PERFORMANCE GAP

File ‘ DEDUKTTI before ‘ DEDUKTT after
bool_steps.dk > 5 min 6 sec
Cog_-Init_Logic.dk 50 sec 0.08 sec

FI1GURE: Speed of the first translation

Because memory management is handmade, several gigabytes are
saved during the processing of big files.
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THE JI'T COMPROMISE

12 T T T T

Compﬂed Haskell ——
LuaJT ——

10 |

F1curge: Compilation vs JIT
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CONCLUSION

» DEDUKTI is

1285 lines of C (+ 451 lines of comments);
» blazingly fast on resonably sized examples;
» not worse than a trivial implementation;

» generating Lua code.

v

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

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

CONCT.USTON
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