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INTRODUCTION



SCIENTIFIC CONTEXT

Gallinette team, LS2N, Nantes
Proof assistants (Coq), all over the place:

- Concrete implementation
- Proof assistant

- Theoretical background: type theory, effects, compilation...

Collaboration
Eric Tanter, Inria Paris/UChile
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SUBJECT BACKGROUND

Gradual typing

- Combine static and dynamic typing (Python 3.5, C#, Ruby, JavaScript...)
- Disciplined!
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SUBJECT BACKGROUND

Gradual typing

- Combine static and dynamic typing (Python 3.5, C#, Ruby, JavaScript...)
- Disciplined!

Calculus of (Inductive) Constructions

- Powerful and expressive type theory/logics

- 0ld system, new features: errors

But... Why?

Concretely Making programming in Coq easier/doable

Theoretically Good test for gradual typing and exceptional type theory
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PLAN

Introduction

1. Gradual Typing
Some Intuition

Gradually and Statically Typed A-Calculus

2. Calculus of Inductive Constructions

3. Gradual CIC
What's Hard?
Overview of our solution

Perspectives
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GRADUAL TYPING



TRAPPED AND UNTRAPPED ERRORS

What is the behaviour of (Az.S z) true?
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What is the behaviour of (Az.S z) true?

Static typing
Error at compile time
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TRAPPED AND UNTRAPPED ERRORS

What is the behaviour of (Az.S z) true?

Static typing
Error at compile time
¥ (Az: B.S z) true

Untyped A-calculus
No error at compile time
F (Az.S z) true : ?

Untrapped error

(Az.S ) true — S true — Az n y.n true (Az.S z) true — S true %
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TRAPPED AND UNTRAPPED ERRORS

What is the behaviour of (Az.S z) true?

Static typing
Error at compile time
¥ (Az: B.S z) true

Untyped A-calculus
No error at compile time
F (Az.S z) true : ?

Untrapped error

(Az.S ) true — S true — Az n y.n true (Az.S z) true — S true %

Dynamic typing
No error at compile time
E (Az.S z) true : ?

Trapped error
(Az.S z) true — S true — raise
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TRAPPED AND UNTRAPPED ERRORS

What is the behaviour of (Az.S z) true?

Static typing
Error at compile time
¥ (Az: B.S z) true

Untyped A-calculus
No error at compile time
F (Az.S z) true : ?

error

(Az.S ) true — S true — Az n y.n true (Az.S z) true — S true %

Dynamic typing
No error at compile time
E (Az.S z) true : ?

error
(Az.S z) true — S true — raise
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GRADUAL PHILOSOPHY: PARTIAL CHECK

Mixing static & dynamic disciplines

With a safe head function:
v: Vect 2+ headv  typechecks
v: Vect 7+ headv dynamic check of the actual type of v

v: N ¥ head v type error
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GRADUAL PHILOSOPHY: PARTIAL CHECK

Mixing static & dynamic disciplines

With a safe head function:
v: Vect 2+ headv  typechecks

v: Vect 7 headv dynamic check of the actual type of v
v: N ¥ head v type error

Evolving types
Az:?7.21)S

T

safe A:N—=?7.21)S (Az:? - N.zl)S

| _— |

(Az: N — N.z1) S A:N = (?—7?).21)S

unsafe

=== [N

ENS DE LYON VY 6/15



STATIC A-CALCULUS

Syntax and typing
T=B|N|T—=T
ti=x|n|b|Xz: T.t|tt|t+t|if tthen telset

F,ZE: Tllft: TQ
F'EXz: T1.t: Ty — To

F'*tliTl FFtQ:TQ Fl*tg:Tg T1=B T2:T T3=T
T'Fif t; thentselsets : T
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UPDATING TO GRADUAL TYPING

Updated system
T=B|N|T—>T
ti=x|n|b|Xz: T.t|tt|t+t|if tthen telset

F,ZE: Tllft: TQ
F'EXz: T1.t: Ty — To

F'*tliTl FFtQ:TQ Fl*tg:Tg T1 B T2 T T3 T
T'Fif t; thentselsets : T
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UPDATING TO GRADUAL TYPING

Updated system
T=B|N|T—>T
ti=x|n|b|Xz: T.t|tt|t+t|if tthen telset

F,[E: Tllft: TQ
F'EXz: T1.t: Ty — To

F'*tliTl FFtQ:TQ Fl*tg:Tg T1 B T2 T T3 T
T'Fif t; thentselsets : T

Consistency

7~ (N=?7) NgB (No?)~T=B) (227274 (N=?)
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CAST CALCULUS

Subject reduction is broken
FAz:?.2+1) true: N
(Az:?.z+ 1) true — true + 1

¥ true + 1
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CAST CALCULUS

Subject reduction is broken
FAz:?.2+1) true: N
(Az:?.z+ 1) true — true + 1

¥ true + 1

Where are the dynamic checks?
Cast calculus

F(Az:?.2+ 1) true ~ (Az: 7 .(cast? N z) + 1) (castg 7 true)

(Az: ? .(cast? v z) + 1) (castp,? true) — (castr n(casty 7 true)) + 1

(cast? n(castp,? true)) + 1 — (casts n true) + 1 +—
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CALCULUS OF INDUCTIVE
CONSTRUCTIONS




CALCULUS OF CONSTRUCTIONS

- higher order, dependently typed extension of A-calculus

Tz: A-t: B T'FIlz: A.B:O;
I'FAz:At:llz: A.B

- with a conversion rule

C+t:A A=B TFB:0O;
I'Ht:B
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INDUCTIVE TYPES

New base types, with three components:

- type (family)
Vect : ITA : O, n: N.O

- constructors
nil : ITA : O.Vect A0 cons:ITA:0O,n:N,a: A,v: Vect A n.-Vect A (S n)
- recursion/induction principle
recyect : HHA:O,P: (IIn: N.Vect An— 0O).(PO (nil 4)) —
(IIn:N,a: A,v:Vect An.Pnv— P(Sn) (cons A nav)) —
IIn:N,v: Vect An.Pnwv

And reduction rules
TreCvect AP thil tcons (Ilil A) = tail

TreCvect AP tnil tcons (COHS Ana U) = tcons N AV (reCVcct AP thil tcons U)
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GRADUAL CIC




SOME THORNY POINTS

t: A A=B 'B:0O;
I'+t: B

- in CIC, computation happens during typing :

- dependent types: ? is everywhere

- natural consistency is HO unification:
Consistency definition <+ Decidable typing

- errors: tricky in CIC

- cast definition: what about inductive types? castiq ,u o/, 1d 4y o' *
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STILL HANDLEABLE THOUGH

Computation at typing
Separate conversions:

typing time simple and good enough: ? is just a constant

runtime fancy: errors, casting, etc.
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STILL HANDLEABLE THOUGH
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Separate conversions:
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runtime fancy: errors, casting, etc.
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Undecidability of ideal consistency

- approximation
- design choice, with axiomatic approach
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STILL HANDLEABLE THOUGH

Computation at typing
Separate conversions:

typing time simple and good enough: ? is just a constant

runtime fancy: errors, casting, etc.

7 at any type
Let's just deal with it...

Undecidability of ideal consistency

- approximation
- design choice, with axiomatic approach

- open for further investigation

Errors, type recursion
Syntactical models, brand new or heavy tweaking of existing ideas
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OVERVIEW OF OUR SOLUTION

GCIC

lt replacing consistency with casting

CIC + cast + 7
lz: encoding of inductives with equality
CldC + cast + 7
l3: realizing cast and ?
Exceptional Type Theory + quote
lh: syntactical model

CIC + Induction-Recursion
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PERSPECTIVES




PERSPECTIVES

Playing around
Aim: sanity check, testing...

- reduction of  and symptomatic terms
- handling of indexes: Vect A n
- compare consistency choices

- ideally, implementation

Ongoing work we could benefit from

- errors & effects in CIC

- quoting mechanism for Coq
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THANK YOU!

QUESTIONS?



REDUCTION OF )

We write 7; for 7 ;. We first get

FQ: 21~ (Az: 7iq1 (caste, 2,1 2,1 ) T) (castr, 2,7, (M@ 75 caste, 7,7, TT))

For readability, we set
0;:=Xz:7;.(casty, 7,57, %) T

and
Q1= di41 (caste, 7,7, )
The reduction now gives
Q; —* (Cast71+1’.1+1_,77+1 caste, 7,2, , 07) (casty, 7,2, ;)

—*  (caste 7, 07) (casto, =270 d;)
—* (Castz *,7“ 7+1%77+1()\ r:?7;.(caste, 7. y7. 1) 7)) (Cas‘m =760 6i)
—* (/\ as .casty; 7. 4 ((castyy,”?i_,?i(‘;ml 7 ‘__' J‘) aste 11,7 I))( 50
—* ()\x: Tit1.casty, 7, ((casty; 7,2,(7 74)) (7 ))(castv =717 04)
—* 7 (2541)
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