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Elpi: rule-based extension language

context extension language (for an ITP written in OCaml)

= there is a host application and a host programming lanquage

= the opposite of "general purpose"” programming language

the key rule-based

= pinders and context management
= holes and scheduling

m self extension
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This talk

1. The host application
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The host application



The architecture of an ITP

user extensions

commands v
> tactics

elaborator

kernel
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The elaborator...

...and its daemons
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The elaborator...
.z + 1

...and its daemons
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The elaborator...
.z + 1

Az : 7p.add z (S O) Y, ={ ?7 — some type }

...and its daemons

= holes (pointers in a heap)
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The elaborator...

.z + 1
Az : 7p.add z (S O) > ={ 7?7 — some type }
Az : fr.add 75 x (S O) 2= { T — some type; 7. — some record } R

...and i1ts daemons

= holes (pointers in a heap)

= ... and to be filled by user-given rules (database)
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The elaborator...

Az.z + 1

Az : 7r.add x (S O) > ={ 77 — some type }

Az :?r.add 7, z (S O) Y. = { 77 > some type; ?, — some record } Q
Az : 7p.add 75, z (S O) > ={ 77 > some type; = : 77 F?, — some record } %

...and i1ts daemons

= holes (pointers in a heap)
= ... and to be filled by user-given rules (database)

= reduction/substitution (scope)
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The elaborator...

Az.T + 1

Az : 7r.add x (S O) > ={ 77 — some type }

Az :?r.add 7, z (S O) Y. = { 77 > some type; ?, — some record } Q
Az : 7p.add 75, z (S O) > ={ 77 > some type; = : 77 F?, — some record } R
A :77.add 751 $1 (S O) ¥ ={ ?r > some type; :?r 7, +— some record } 3

...and i1ts daemons

= holes (pointers in a heap)
= ... and to be filled by user-given rules (database)

= reduction/substitution (scope)

® | 6 of 27

binders (De Bruijn indexes)



The language In a nutshell



Elpi: Hello World!

Simply typed A-calculus in A-tree syntax (HOAS) goal> of (lam x\ lam y\ x) TyFst.

kind tm type.
type app tm -> tm -> tm.
type lam (tm -> tm) -> tm.

kind ty type.
type arr ty -> ty -> ty.

Typing

func of tm -> ty.
of (app HA) T :-
of H (arr S T), of A S.
of (lam F) (arr S T) :-
pli x\ of x S ==> of (F x) T.
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Elpi: Hello World!

Simply typed A-calculus in A-tree syntax (HOAS) goal> of (lam x\ lam y\ x) (arr So Te).
goal> of (lam y\ c) TO.

kind tm type.
type app tm -> tm -> tm.
type lam (tm -> tm) -> tm.

kind ty type.
type arr ty -> ty -> ty.

Typing

func of tm -> ty.
of c SO.
of (app HA) T :-
of H (arr S T), of A S.
of (lam F) (arr S T) :-
pli x\ of x S ==> of (F x) T.
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Elpi: Hello World!

Simply typed A-calculus in A-tree syntax (HOAS) goal> of (lam x\ lam y\ x) (arr SO (arr S1 T1)).
goal> of (lam y\ c) (arr S1 T1).
goal> of c T1.

kind tm type.
type app tm -> tm -> tm.
type lam (tm -> tm) -> tm.

kind ty type.
type arr ty -> ty -> ty.

Typing

func of tm -> ty.
of d S1.
of ¢ SO.
of (app HA) T :-
of H (arr S T), of A S.
of (lam F) (arr S T) :-
pl X\ of X S ==> of (F x) T.

® | 8 of 27



Elpi: Hello World!

Simply typed A-calculus in A-tree syntax (HOAS) goal> of (lam x\ lam y\ x) TyFst.
_ sSuccess:
= TyEst = arr S@ (arr S1 S0)

type app tm -> tm -> tm.
type lam (tm -> tm) -> tm.

kind ty type.
type arr ty -> ty -> ty.

Typing

func of tm -> ty.
of (app HA) T :-
of H (arr S T), of A S.
of (lam F) (arr S T) :-
pli x\ of x S ==> of (F x) T.
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Elpi: Hello World!

Simply typed A-calculus in A-tree syntax (HOAS) goal> of (app H A) T.

Failure.
kind tm type.

type app tm -> tm -> tm.
type lam (tm -> tm) -> tm.

kind ty type.
type arr ty -> ty -> ty.

Typing

func of tm -> ty.
of (app HA) T :-
of H (arr S T), of A S.
of (lam F) (arr S T) :-
pli x\ of x S ==> of (F x) T.
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Elpi = A\Prolog + CHR

Typing (as before) goal> of (app H A) T.

func of tm -> ty.
of (app HA) T :-
of H (arr S T), of A S.
of (lam F) (arr S T) :-
pli x\ of x S ==> of (F x) T.

Holes & constraints

of (uvar as E) T :-
declare_constraint (of E T) [E].

® | 9 of 27



Elpi = A\Prolog + CHR

Typing (as before) goal> of (app H A) T.

func of tm -> ty. Success:

of (app HA) T :-

of H (arr S T), of A S. Constraints:
of (lam F) (arr S T) :- of AS /* suspended on A */
0i x\ of x S ==> of (F x) T. of H (arr S T) /* suspended on H */

Holes & constraints

of (uvar as E) T :-
declare_constraint (of E T) [E].

® | 9 of 27



Elpi = A\Prolog + CHR

TYPing (as before) goal> of (app H A) T, H = (lam x\ x).

func of tm -> ty. Success:

of (app HA) T :-

of H (arr S T), of A S. Constraints:
of (lam F) (arr S T) :- of AT /* suspended on A */

pi x\ of x S ==> of (F x) T.

Holes & constraints

of (uvar as E) T :-
declare_constraint (of E T) [E].
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Elpi = A\Prolog + CHR

Typing (as before) goal> of (app (lam x\ x) A) T.

func of tm -> ty. Success:

of (app HA) T :-

of H (arr S T), of A S. Constraints:
of (lam F) (arr S T) :- of AT /* suspended on A */

pi x\ of x S ==> of (F x) T.

Holes & constraints

of (uvar as E) T :-
declare_constraint (of E T) [E].
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Elpi = A\Prolog + CHR

Typing (as before) goal> of (app D D) T.

func of tm -> ty.
of (app HA) T :-
of H (arr S T), of A S.
of (lam F) (arr S T) :-
pli x\ of x S ==> of (F x) T.

Holes & constraints

of (uvar as E) T :-
declare_constraint (of E T) [E].
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Elpi = A\Prolog + CHR

Typing (as before) goal> of (app D D) T.

func of tm -> ty. Success:

of (app HA) T :-

of H (arr S T), of A S. Constraints:
of (lam F) (arr S T) :- of DS /* suspended on D */
0i x\ of x S ==> of (F x) T. of D (arr S T) /* suspended on D */

Holes & constraints

of (uvar as E) T :-
declare_constraint (of E T) [E].
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Elpi = A\Prolog + CHR

Typing (as before) goal> of (app D D) T.

func of tm -> ty. Fallure

of (app HA) T :-
of H (arr S T), of A S.
of (lam F) (arr S T) :-
pli x\ of x S ==> of (F x) T.

Holes & constraints

of (uvar as E) T :-
declare_constraint (of E T) [E].

Constraint Handling Rules

constraint of {
rule (of X T1) \ (of X T2) <=> (T1 = T2).
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Elpi = A\Prolog + CHR

CHRK
@] .. X=t .
@) eule, C..\A lﬁ@ﬁ

ol

H

query
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Elpi’'s take on locally nameless

De Bruijn introduced two notations for bound variables: indexes and levels

B-reduction (with indexes) B-reduction (with levels)
AT.(AY.Az.f X2 y1 20) To —p AT (AY.Az.f 2o y1 22) T —p
AT. Az.T o1 21 2 A. Az.f ¢y 2y 21

Moving under a binder (with indexes) Moving under a binder (with levels)

F Llam x\ Llam y\ app Xi Vo < Llam x\ Llam y\ app Xo V1
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Elpi’'s take on locally nameless

De Bruijn introduced two notations for bound variables: indexes and levels

B-reduction (with indexes) [ -reduction (with levels)
AT (AY.Az.f T2 11 20) To —p AT (AyAz.f oy 22) xg —p
AT. Az.f 1 21 20 AT. Az.f xo o 21

Moving under a binder (with indexes) Moving under a binder (with levels)

F Llam x\ Llam y\ app Xi Vo < Llam x\ Llam y\ app Xo V1
Co F (X\ lam y\ app X1 Vo) Co
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Elpi’'s take on locally nameless

De Bruijn introduced two notations for bound variables: indexes and levels

[ -reduction (with indexes) B-reduction (with levels)
AT ( Ay Az.f 2o y1 20) To —3 AT (AY.Az.f 2o y1 22) T —p
AT. Az.T o1 21 2 AT. Az.f ¢y 2y 21
Moving under a binder (with indexes) Moving under a binder (with levels)
F Llam x\ lam y\ app Xi Vo < lam x\ lam y\ app Xo V1

Co F lam y\ app Co Vo
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Elpi’'s take on locally nameless

De Bruijn introduced two notations for bound variables: indexes and levels

[ -reduction (with indexes) £-reduction (with levels)
AT (AY.Az.f 22 Y1 20) To —p AT.(AyAz.fxo y1 22) xg —p
AT. Az.f 21 21 20 AT. Az.f xo o 21
Moving under a binder (with indexes) Moving under a binder (with levels)

F Llam x\ Llam y\ app Xi Vo F Llam x\ Llam y\ app Xo V1

Co C1 F app Co C2 Co F (X\ lam y\ app Xe Y1) Co
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Elpi’'s take on locally nameless

De Bruijn introduced two notations for bound variables: indexes and levels

[ -reduction (with indexes) B-reduction (with levels)
AT ( Ay Az.f 2o y1 20) To —3 AT (AY.Az.f 2o y1 22) T —p
AT. Az.T o1 21 2 AT. Az.f ¢y 2y 21
Moving under a binder (with indexes) Moving under a binder (with levels)
F Llam x\ lam y\ app Xi Vo < lam x\ lam y\ app Xo V1

Co C1 F app Cco C1 Co F lam y\ app co VY1
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Elpi’'s take on locally nameless

De Bruijn introduced two notations for bound variables: indexes and levels

[ -reduction (with indexes) B-reduction (with levels)
AT ( Ay Az.f 2o y1 20) To —3 AT (AY.Az.f 2o y1 22) T —p
AT. Az.T o1 21 2 AT. Az.f ¢y 2y 21
Moving under a binder (with indexes) Moving under a binder (with levels)
F Llam x\ lam y\ app Xi Vo < lam x\ lam y\ app Xo V1

Co C1 F app Ce C1 Co C1 F (Yy\ app Cco V1) C1
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Elpi’'s take on locally nameless

De Bruijn introduced two notations for bound variables: indexes and levels

[ -reduction (with indexes) B-reduction (with levels)
AT ( Ay Az.f 2o y1 20) To —3 AT (AY.Az.f 2o y1 22) T —p
AT. Az.T o1 21 2 AT. Az.f ¢y 2y 21
Moving under a binder (with indexes) Moving under a binder (with levels)
F Llam x\ lam y\ app Xi Vo < lam x\ lam y\ app Xo V1

Co C1 F app Ce C1 Co C1 F apPpp Coe C1
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Elpi’'s take on locally nameless

De Bruijn introduced two notations for bound variables: indexes and levels

[ -reduction (with indexes) B-reduction (with levels)
Az (AY.Az.f 2 y1 20) To —p AT (AY.Az.f 2o y1 22) T —p
AT. Az.T o1 21 2 AT. Az.f ¢y 2y 21
Moving under a binder (with indexes) Moving under a binder (with levels)
F Llam x\ lam y\ app Xi Vo < lam x\ lam y\ app Xo V1
Co C1 F app Ce C1 Co C1 F apPpp Coe C1
Benefits

= Crossing a binder is cheap

= [ndexing the context is easy
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The integration In Rocq



Notable features

HOAS for Gallina

qguotations and anti-quotations

coq.say {{ 1 + lp:{{ app[global s, {{ @ }} 1 }} }}
% elpl.... coqQ.. elpi........... cog elp1l coq

Databases of rules

Extensive API

coq-elpi / builtin-doc / coqg-builtin.elpi

| Code | Blame 2239 lines (1765 loc) - 89.1 KB

634 external pred cog.env.indt % reads the inductive type declaration for the environment.
635 % Supported attributes:

636 % - @Buinstance! I (default: fresh instance I)

637 i:inductive, % reference to the inductive type

638 o:bool, % tt if the type is inductive (ff for co-inductive)

639 o:int, % number of parameters

648 o:int, % number of parameters that are uniform (<= parameters)

641 o:term, % type of the inductive type constructor including parameters

642 0:1list constructor, % list of constructor names

643 0:1list term. % list of the types of the constructors (type of KNames) including
644

645 external pred coq.env.indt-decl % reads the inductive type declaration for the environme
646 % Supported attributes:

647 % fuinstance! I (default: fresh instance I)

648 1:inductive, % reference to the inductive type

649 o:indt-decl. % HOAS description of the i1nductive type

ecao

[0 README &3 LGPL-2.1 license

.20 | passing

Cl passing

MNix Cl for bundle coq-8

Coq-Elpi
Coq plugin embedding Elpi.

What is Elpi

Elpi provides an easy-to-embed implementatic
programming language well suited to manipu
containing binders and unification variables.

What is Coq-Elpi

Coqg-Elpi provides a Coq plugin that lets one d«
tactics in Elpi. For that purpose it provides an ¢
AProlog using the Higher-Order Abstract Synt:
exports to Elpi a comprehensive set of Coq's p

— Filter headings

Coq-Elpi

What is Elpi
What is Coqg-Elpi

What is the purpose of all
that

Installation
Editor Setup

Documentation
Tutorials

Small examples (proofs of
concept)

Applications written in
Cog-Elpi

Quick Reference
Vernacular commands

Separation of parsing

@®
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Integration with Rocq: from Prop to bool (1/3)

Inductive 1is_even : nat -> Prop := ...
Fixpoint even (n : nat) : bool := ...
Lemma evenP n : reflect (is_even n) (even n).
Lemma andP {P Q : Prop} {p q : bool} :

reflect P p -> reflect Q q ->

reflect (P /\ Q) (p & q).

Lemma elimT {P b} : reflect P b -> b = true -> P,
Lemma test : 1is_even 6 /\ 1s_even 4,

Proof.
refine (elimT (andP (evenP 6) (evenP 4)) _).

(* even 6 && even 4 = true *)
simpl. trivial.
Qed.
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Integration with Rocq: from Prop to bool (1/3)

Inductive 1is_even : nat -> Prop := ...
Fixpoint even (n : nat) : bool := ...
Lemma evenP n : reflect (is_even n) (even n).
Lemma andP {P Q : Prop} {p q : bool} :
reflect P p -> reflect Q q ->
reflect (P /\ Q) (p & q).
Lemma elimT {P b} : reflect P b -> b = true -> P,
Lemma test : is_even 6 /\ 1s_even 4.
Proof.
(* refine (elimT (andP (evenP 6) (evenP 4)) _). *)
to_bool.
(* even 6 && even 4 = true *)

simpl. trivial.
Qed.
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Integration with Rocq: from Prop to bool (2/3)

Inductive 1is_even : nat -> Prop := ... (* [tb P R] finds R : reflect P _ *)
Elpi Tactic to_bool.
Fixpoint even (n : nat) : bool := ... Elpi Accumulate 1Llp:{{
func tb term -> term.
Lemma evenP n : reflect (is_even n) (even n). tb {{ is_even 1p:N }} {{ evenP 1lp:N }}.

tb {{ Llp:P /\ 1p:Q }} {{ andP 1lp:PP 1lp:QQ }} :- tb P PP, tb Q QQ.

Lemma andP {P Q : Prop} {p q : bool} : solve (goal = Ty _ _ as G) GL :-

reflect P p -> reflect Q q -> tb Ty P, refine {{ elimT 1lp:P _ }} G GL. }}.
reflect (P /\ Q) (p && q).

Lemma elimT {P b} : reflect Pb -> b = true -> P,

Lemma test : 1s_even 6 /\ 1s_even 4.

Proof.
(* refine (elimT (andP (evenP 6) (evenP 4)) _). *)
to_bool.

(* even 6 && even 4 = true *)

simpl. trivial.
Qed.
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Integration with Rocq: from Prop to bool (3/3)

Inductive 1is_even : nat -> Prop := ...

Fixpoint even (n : nat) : bool := ...

Lemma evenP n :
Register evenP.
(* tb {{ is_even 1lp:N }} {{ evenP 1lp:N }} *)

reflect (is_even n) (even n).

Lemma andP {P Q : Prop} {p q :
reflect P p -> reflect Q q ->
reflect (P /\ Q) (p && q).
Register andP.
(* tb {{ 1lp:P /\ 1p:Q }} {{ andP 1p:PP 1p:QQ }} :-
th P PP, tb Q QQ. *)

bool} :

Lemma elimT {P b} : reflect Pb -> b = true -> P,
Lemma test : is_even 6 /\ 1s_even 4.
Proof.
(* refine (elimT (andP (evenP 6) (evenP 4)) _). *)
to_bool.

(* even 6 && even 4 = true *)
simpl. trivial.
Qed.

(* [tb P R] finds R : reflect P _ *)
Elpi Db tb.db 1lp:{{ func tb term -> term. }}.

Elpi Tactic to_bool.
Elpi Accumulate Db tb.db.
Elpi Accumulate Llp:{{
solve (goal = Ty _ _ as G) GL :-
tb Ty P, refine {{ elimT Llp:P _ }} G GL.

Elpi Command Register.
Elpi Accumulate Db tb.db.
Elpi Accumulate 1lp:{{
func compile term, term, Llist prop -> prop.

main [str S] :-
cog. locate S GR,
cog.env.typeof GR Ty,
compile Ty (global GR) [] C,
cog.elpi.accumulate _

"th.db" (clause _ _ C).

}r

I3 g

®
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Integration with Rocq: from Prop to bool (3/3)

Inductive 1is_even : nat -> Prop := ... % [compile Ty R Hyps C] invariant R : Ty

Fixpoint even (n : nat) : bool := ... func compile term, term, Llist prop -> prop.

Lemma evenP n : reflect (is_even n) (even n). compile {{ reflect lp:P _ }} R Todo (tb P R :- Todo).

Register evenP.

(* tb {{ is_even 1lp:N }} {{ evenP 1lp:N }} *) compile {{ reflect 1lp:S _ -> lp:Ty }} R Todo (p1i h\N C h) :- 1,

pi h\ compile Ty {{ Llp:R lp:h }} [tb S h|Todo] (C h).
Lemma andP {P Q : Prop} {p q : bool} :
reflect P p -> reflect Q q -> compile {{ forall x, lp:(Ty X) }} R Todo (pi x\ C Xx) :-
reflect (P /\ Q) (p && q). pi x\ compile (Ty x) {{ lp:R lp:x }} Todo (C x).
Register andP.
(* tb {{ 1lp:P /\ 1p:Q }} {{ andP 1p:PP 1p:QQ }} :-
th P PP, tb Q QQ. *)

Lemma elimT {P b} : reflect Pb -> b = true -> P,
Lemma test : is_even 6 /\ 1s_even 4.
Proof.
(* refine (elimT (andP (evenP 6) (evenP 4)) _). *)
to_bool.

(* even 6 && even 4 = true *)
simpl. trivial.
Qed.

® | 16 of 27



Integration with Rocq: from Prop to bool (3/3)
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Register andP.
(* tb {{ 1lp:P /\ 1p:Q }} {{ andP 1p:PP 1p:QQ }} :- % complile {{ forall n, reflect (is_even n) (even n) }} {{ evenP }} []
tb P PP, tb Q QQ. *) % (pi n\ tb {{ is_even 1lp:n }} {{ evenP lp:n }} :- [])

Lemma elimT {P b} : reflect Pb -> b = true -> P,
Lemma test : is_even 6 /\ 1s_even 4.
Proof.
(* refine (elimT (andP (evenP 6) (evenP 4)) _). *)
to_bool.

(* even 6 && even 4 = true *)
simpl. trivial.
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Integration with Rocq: from Prop to bool (3/3)

Inductive 1is_even : nat -> Prop := ... % [compile Ty R Hyps C] invariant R : Ty

Fixpoint even (n : nat) : bool := ... func compile term, term, Llist prop -> prop.

Lemma evenP n : reflect (is_even n) (even n). compile {{ reflect lp:P _ }} R Todo (tb P R :- Todo).

Register evenP.

(* tb {{ is_even 1lp:N }} {{ evenP 1lp:N }} *) compile {{ reflect 1lp:S _ -> lp:Ty }} R Todo (p1i h\N C h) :- 1,

pi h\ compile Ty {{ Llp:R lp:h }} [tb S h|Todo] (C h).
Lemma andP {P Q : Prop} {p q : bool} :

reflect P p -> reflect Q q -> compile {{ forall x, lp:(Ty X) }} R Todo (pi x\ C Xx) :-
reflect (P /\ Q) (p && q). pi x\ compile (Ty x) {{ lp:R lp:x }} Todo (C x).
Register andP.
(* tb {{ 1lp:P /\ 1p:Q }} {{ andP 1p:PP 1p:QQ }} :- % complile {{ forall n, reflect (is_even n) (even n) }} {{ evenP }} []
tb P PP, tb Q QQ. *) % (pi n\ tb {{ is_even 1lp:n }} {{ evenP lp:n }} :- [])
Lemma elimT {P b} : reflect Pb -> b = true -> P, % compile {{ forall P Q p q, reflect P p -> reflect Q q ->
Lemma test : is_even 6 /\ 1s_even 4. % reflect (P /\ Q) (p && q) }} {{ andP }} []
Proof. % (p1 P Q p g PP QQ\
(* refine (elimT (andP (evenP 6) (evenP 4)) _). *) % tb {{ 1lp:P /\ 1p:Q }} {{ andP 1lp:PP 1p:QQ }} :-
to_bool. % [tb Q QQ, tb P PP])

(* even 6 && even 4 = true *)
simpl. trivial.
Qed.
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The good company

https://github.com/rocq-community/metaprogramming-rosetta-stone
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Comparison

Gallina
Bound Variables

Holes

Proof API

Vernacular API
Elaborator API

Reasoning logic

Elpi

O

no mutual fix/ind

O

O

D

weak Itac1 bridge

O

no notations, obligations

)

no error locations

O

Abella

Ltac2

O

®

quotations

)

tactic monad

O

(sufficiently close)

O

To the best of my knowledge, on 1/1/2026

MetaRocq

O

O

toplevel quotation

v,

only AST

v,

only TC search, obligations

O

only env, obligations

O

S

no holes, unif
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What makes me proud



Hierarchy Builder

DSL to declare a hierarchy of interfaces

= generates boilerplate via Elpi's APL: modules, ~ "rom f8 Require fmport structures.

implicit arguments, canonical structures, ... e Feme T et £ g

zero : A;
= used by the Mathematical Components add : A -> A -> A;
library and other ~20 libraries addrA : forall x y z, add x (add y z) = add (add x y) z;
addrC : forall x y, add x y = add y X;
s makes "packed classes"” easy addOr : forall x, add zero X = X;

|

HB.structure Definition AddComoid := { A of IsAddComoid A }.

- Notation "@" := zero.
Infix "+" := add.

Check forall (M : AddComoid.type) (x : M), X + x = 0.

2017 2022 2024
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Conclusion



Elpi: take home

Extension language

= Use alanguage (ony) when it is a good fit

Rule-based is a good fit for

= HOAS (binders and local context)
= prover logical environment (global context)

= (meta) meta programming (homoiconicity)

® | 22 of 27



Perspectives - Elpi takes advantage of Rocq

= Mechanization of Elpi in Rocq (durability)

= operational semantics of AProlog + cut (done, by Fissore)

= determinacy analysis (control part done, HO part ongoing)
= term representation, unifier (todo and scary)

= Mechanization of ¢ in Rocq

= metatheory of G (warming up)

= proofs about Elpi code in Rocq
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Perspectives - Rocq takes advantage of Elpi

= Rocg-Elpi into Rocq proper (use Elpi in lower layers)

= need HOAS encoding for mutual fixpoints (and mutual inductive types)
= functional (rule based) syntax could be more familiar to Rocq users
= user manual definitely needed

= Memoization (tabling via SLG)

= no good public benchmark, but BedRock/BlueRock/SkyLabs-Al needs it

= |oop detection could help beginners
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Thanks for contributing code!
https://github.com/LPCIC/elpi/
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Oliver Kaiser, Philip Kaludercic, Chantal Keller,
Vincent Laporte, Jean-Christophe Leéchenet,
Rodolphe Lepigre, Karl Palmskog, Pierre-Marie
Pédrot, Ramkumar Ramachandra, Pierre Roux,
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Sakaguchi, Matthieu Sozeau, Gordon Stewart,
David Swasey, Alexey Trilis, Quentin Vermande,
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