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27 Definition-abstract_eqns- - (Z-:-global_env_ext) (I :-context) (t-: -term) : term-:=

28
29
30
31
32
33
34
35
36
37
38
39
40

let-fix-abstract_eqns (I :-context) (ty-:-term) -n-:=

match-ty-with

| tProd-na‘A‘B =
tProd-na‘A- (abstract_eqns-(I,, vass-na‘A) B-0)
tApp 'L A=
let-type_of_x-:=-try_dinfer -z I - (lift-(2:*-n)-0-A) in
let-eqn-:= mkApps- tEq- [type_of_x; tRel-0; lift-(1-+2-%-n) -0-A] 1in
tProd- (nNamed- "x") - type_of_x

(tProd: (nAnon) - eqn
(abstract_eqns- (I, , vass‘ (nNamed-"x") - type_of_x',, vass-nAnon-eqn) ‘L - (S'n)))

| ‘B-= mkApps B (map- (A m-=-tRel  (1-+-2-%x-m)) (seq-0-n))

end
in-let -ty ="try_infer-Z-T-t-in-abstract_eqns I ty-o0.

github.com/uds-psl/metacog-examples—cogws


https://github.com/uds-psl/metacoq-examples-coqws

Intro On MetaCoq Plugins
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plugin : global_env_ext —-> context -> term -> term

® Generalized constructors
® Subterm relations for inductive data types
® Stronger induction principles
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Abstract

The METACOQ project aims Lo provide a certifi
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i .
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METACOQ

github.com/MetaCog/metacoq

® Based on Template-Coq plugin developed by Malecha in 2014.! 50
® Now developed by a team of 9 with many more contributors. 2.

® Includes lots of things, we'll only need some of them for this talk!
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'Gregory Malecha. “Extensible proof engineering in intensional type theory”. PhD thesis. 2015.
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On MetaCoq
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TERMS

17 Inductive term :=

18 | tRel (n : WN)

19 | tSort (u : Universe.t)
20 LK)

21 tProd (na : name) (A B : term)

22 tLambda (na : name) (A t : term)
23 tLetIn (na : name) (b B t : term)
24 tApp (u v : term)

26 tInd (ind : 1dinductive) (ui : Instance.t)

27 tConstruct (ind : +dinductive) (n : N) (ui : Instance.t)
28
29
30

tCase (indn : dinductive * N) (p c : term) (brs : list (N * term))

*)

I
I
I
I
25 (*...%)
I
I
I
(*
| tFix (mfix : mfixpoint term) (idx : N).

[clo})
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QUOTING TERMS

Inductive nat :=
| 0 : nat
| S : nat -> nat

(fun x => x + 0) (tLambda
(nNamed "x")
(tInd {]| dinductive_mind := "Coq.Init.Datatypes.nat";
inductive_ind := 0 |} [1])

(tApp (tConst "Coq.Init.Nat.add" [])
[tRel 0;
tConstruct {| inductive_mind := "Coq.Init.Datatypes.nat";

inductive_ind := 0 [} 0 []]))

0 (tConstruct
{]inductive_mind := "Coq.Init.Datatypes.nat";
inductive_ind := 0 |} 0 [])

59
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QUOTING TERMS

Inductive nat := InductiveDecl
| 0 : nat {| ind_finite := Finite; ind_npars := 0; ind_params := [];
| S : nat -> nat ind_bodies := [{| ind_name := "nat";
ind_type := tSort (...);
ind_kelim := InType;
ind_ctors := [("O",
tRel 0, 0);
(nsn’
tProd nAnon
(tRel 0) (tRel 1), 1)];
ind_projs := [1 |}];
ind_universes := (...); ind_variance := (...) |})
(fun x => x + 0) (tLambda
(nNamed "x")
(tInd {]| dinductive_mind := "Coq.Init.Datatypes.nat";
inductive_ind := 0 |} []) 1

o

(tApp (tConst "Coq.Init.Nat.add" [])

rem._-1 A .
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TYPING

Inductive typing (X : global_env_ext) (I : context)
| type_Rel n decl :

All_local_env (lift_typing typing ) I —>
nth_error ' n = Some decl ->

Z ;33 T |- tRel n : 1iftd® (S n) decl. (decl_type)
(*uuox)

| type_Lambda na A t s1 B :
;33 T |- A tSort s1 —>
;33N ,, vassnaA |-t :B >
Z ;55 I |- (tLambda na A t) : tProd na A B.

i term -> term -> Type :=
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Coq Coq Correct!
Verification of Type Checking and Erasure for Coq, in Coq

MATTHIEU SOZEAU, Inria Paris & IRIF, CNRS, Université Paris Diderot, France
SIMON BOULIER, Inria Nantes, France

YANNICK FORSTER, Saarland University, Germany

NICOLAS TABAREAU, Inria Nantes, France
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Coq is built around a well-delimited kernel that perfoms typechecking for definitions in a variant of the
Calculus of Inductive Constructions (CIC). Although the metatheory of CIC is very stable and reliable, the
correctness of its implementation in Cog is less clear. Indeed, implementing an efficient type checker for CIC
is a rather complex task, and many parts of the code rely on implicit invariants which can easily be broken
by further evolution of the code. Therefore, on average, one critical bug has been found every year in CoQ.
This paper presents the first implementation of a type checker for the kernel of Cog (without the module
system and template polymorphism), which is proven correct in Cog with respect to its formal specification
and axiomatisation of part of its metatheory. Note that because of Gidel’s incompleteness theorem, there
is no hope to prove completely the correctness of the specification of Cog inside CoQ (in particular strong
normalisation or canonicity), but it is possible to prove the correctness of the implementation assuming the
correctness of the specification, thus moving from a trusted code base (TCB) to a trusted theory base (TTB)
paradigm. Our work is based on the METACOQ project which provides metaprogramming facilities to work
with terms and declarations at the level of this kernel. Our type checker is based on the specification of the
tvrnine relation of the Polvmornhic Cumulative Caletiliie of Inductive Canctriietione (PCUTC)Y at the hacic
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REMINDER

MetaCoq plugins are pure Coq functions implementing syntax transformations.
plugin : global_env_ext —-> context -> term —-> term



GENERALIZED CONSTRUCTORS

Inductive le (n: nat ): nat — Prop:=
le_n: lenn
| le.S: Vm: nat, lenm — len(Sm)

Goal forall n my, le n m -> forall x1, x1 = n ->
forall x2, x2 = S m -> le x1 x2.
Proof.

intros.

Qed.



Plugins
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GENERALIZED CONSTRUCTORS

Goal forall n m, le n m -> forall x1, x1 = n ->
forall x2, x2 = S m -> le x1 x2.
Proof.
intros.
Fail apply le_S.
MetaCoq Run Derive Generalized Constructor for le_S as le_S_egs.
eapply le_S_eqs; eassumption.
Qed.



Plugins
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GENERALIZED CONSTRUCTORS

27 Definition-abstract_eqns- (Z-:-global_env_ext) (I :-context) (t-:-term) : term-:=
28 let - fix-abstract_eqns- (I : - context)  (ty-:-term) -n-:=

29 match-ty-with

30 | ‘tProd-na‘A“B =

31 tProd-na‘A- (abstract_eqns- (I-,, vass-na‘A) B-0)

32 | “tApp L A=

33 let-type_of_x:="try_infer -2 - (lift:-(2-*-n) -0-A) 1in

34 let-eqn-:=-mkApps- tEq- [type_of_x; tRel-0; lift-(1-+-2-%-n) -0-A] 1in
35 tProd- (nNamed- "x") - type_of_x

36 (tProd- (nAnon) - eqn

37 (abstract_eqns: (I',,  vass- (nNamed-"x") - type_of_x',, vass-nAnon-eqn) ‘L - (S'n)))
38 | ‘B-= mkAppsB-(map- (A-m-=-tRel - (1-+-2-%-m)) (seq-0-n))

39 end

40 - -in-let -ty ="try_infer -Z-T-t-in-abstract_eqns-Ir-ty-o.

[clo})
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OUR PLUGINS

® Generalized constructors
® Subterm relations for inductive data types

® Stronger induction principles
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(+-quantify-over-all-params: +)
t_mkLambda_or_LetIn-trueParams
(tLanbda
(+-predicate )
(nNamed - "p")
(+-the-type-of p-is-a-transformation-of the-type-+)
predType
«
it_mkLambda_or_LetIn (rev- (quantifyCases-isInductive allParanCtors trueParanCount ind-univ-nested))
(+theoretically- recursive fix-aftercases: +)
tFix
[89)
dname = nNamed "f"%string;
dtype-=- (+could-be-omitted-using-type-inference +)
(+°1ift-over cases- for - constructor-and p-+)
replacelastprod
(Lifto: (s ctorCount) -predType)
(createappChain- (tRel- (allIndCount + S ctorCount)) - (S allIndCount))
(+-return-p-of - instace +)
(+-p+is-after indices and-cases *)

dbody =+ (x-take-all-indicies )
(+-Vift-over-cases- for-constructor-and-p-and-f2-+)

replaceLastLanbda’
(mapProdToLambda: (1iftg (2+ctorCount) -predType))

(*match-on-instance - *)
(+-use-change match return-type, -case-application-and-access - to-non-uniform-+)

(tCase: (ind, allParanCoun
(+-return-type-of ‘match-+)

(
(Liftg: (- trueIndCount)
(replacelastLanbda'

T MetaCoq: github.com/uds-psl/metacog-nested-induction

< Elpl github.com/LPCIC/cog-elpi



https://github.com/uds-psl/metacoq-nested-induction
https://github.com/LPCIC/coq-elpi
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VERIFICATION

wf X I' — 3dT. 3;T' F createElim ind : T'

® possible in theory

® complicated in practice
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FUTURE WORK

abstraction layers
subterm-relations for nested types
mutual induction

plugin tests with QuickChick?

more plugins like countability and finiteness

®©® © ©®@ ® ®

*Leonidas Lampropoulos and Benjamin C Pierce. QuickChick: Property-Based Testing in Coq. Electronic W?‘;“
textbook. 2018.
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CONCLUSION

Thank you! Please ask questions.

We have seen three plugins:
generalized constructors, subterm-relations, and induction principles for nested types.

MetaCoq plugins are pure Coq functions implementing syntax transformations.
Join and contribute:

O Github https://github.com/MetaCoq/metacoq/
Zulip https://cog.zulipchat.com/#narrow/stream/237658-MetaCoq
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LINES OF CODE

Constructors | 67

Subterm [] 200
Induction [_] 1,146

Tests [ 13,343

Correctness | | 8,057
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VERIFICATION

verified tauto tactic?
proven correct type checker?
verified extraction 4

metaprogramming reasoning®
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verified case analysis
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