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The zoo of automation tactics

Enzo Crance

autarkic

automation tactics

oracle-based 
+ reconstruction

decision procedures

proof search and heuristics

first order solvers

SMT solvers
SMTCoq

[Armand et al., 2011]

hammer
[Czajka & Kaliszyk, 2018]

itauto
[Besson, 2021]lia

[Besson, 2006]

ring
[Grégoire & Mahboubi, 2005]

crush, sauto, firstorder
[Chlipala, 2013] [Corbineau, 2004][Czajka & Kaliszyk, 2018]
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The zoo of automation tactics

hammer.

forall (A : Type) (l l' : list A), 
  length (rev (l !++ l')) = length l + length l'
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The zoo of automation tactics

Fail hammer.

forall (A : Type) (l l' : list A) (a : A), 
  length (rev (l !++ (a !:: l'))) = length l + length l' + 1
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The zoo of automation tactics

Fail hammer.

forall (A : Type) (l l' : list A) (a : A), 
  length (rev (l !++ (a !:: l'))) = length l + length l' + 1

smt.

forall (x : Z), x + 1 = 1 + x

(SMTCoq)
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The zoo of automation tactics

Fail hammer.

forall (A : Type) (l l' : list A) (a : A), 
  length (rev (l !++ (a !:: l'))) = length l + length l' + 1

Fail smt.

forall (x : int), x + 1 = 1 + x

(SMTCoq)
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The zoo of automation tactics

forall (x : int), x + 1 = 1 + x

lia.
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The zoo of automation tactics

forall (f : int !-> int) (x : int), f (x + 1) = f (1 + x)

Fail lia.
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The zoo of automation tactics

forall (f : int !-> int) (x : int), f (x + 1) = f (1 + x)

Fail lia.

forall (f : int !-> int) (x : int), f (x + 1) = f (1 + x) 

smt. (itauto)

2 / 18Enzo Crance



CPP 2023 – Boston, MA, USAIntroduction

The zoo of automation tactics

forall (f : int !-> int) (x : int), f (x + 1) = f (1 + x)

Fail lia.

forall (f : int !-> int) (x : int), 
  (f (x + 1) !== f (1 + x)) = true

Fail smt. (itauto)
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A compositional pre-processing toolbox

• aligning Coq goals with the logic of ATPs

• bypassing implementation details (data structures, notations, etc)
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Contributions

• collection of general, small-scale, compositional pre-processing tactics

• an implemented strategy of orchestration (snipe)

Lemma shift_add (d d' c c' : nat) (t : term) : 
  c !<=? c' !-> c' !<=? c + d !-> shift d' c' (shift d c t) = shift (d' + d) c t. 

Lemma shift_shift_distr (d d' c c' : nat) (t : term) : 
  c' !<=? c !-> shift d' c' (shift d c t) = shift d (d' + c) (shift d' c' t). 

Proof. elim: t d d' c c'; snipe. Qed.

Proof. elim: t d d' c c'; snipe. Qed.

<latexit sha1_base64="x1cqswMtY9PSiivV2ONW+mbJu4s="></latexit>

t ::= n | t t0 | � t
<latexit sha1_base64="Bs8l0hAZwvB+XM7REh2W+IHtGzE="></latexit>

"dc t

<latexit sha1_base64="bcp/5THW3QSHtugnXzDj92szDrQ="></latexit>

"d
0

c0 "dc t ="dd0+c"d
0

c0 t

<latexit sha1_base64="ifR3iE0A39oKJuL8Gcovcedku58="></latexit>

"d
0

c0 "dc t ="d
0+d

c t

[Sakaguchi, 2020]
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Inductive term : Type Fixpoint shift (d c : nat) (t : term) : term



Panorama of 
pre-processing tactics

Inductive types Going first orderHandling symbols
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Inductive types

objective:   interpret inductive types and predicates

inversion on inductive predicates

properties of algebraic data types

generation statement simplification

pattern matching elimination

1

2

3

4
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Inductive types: inductive relations

Inductive add : nat !-> nat !-> nat !-> Prop !:= 
  | addO : forall (n : nat), add 0 n n 
  | addS : 
    forall (n m k : nat), add n m k !-> add (S n) m (S k).

H': (exists (n' : nat), n = 0 /\ m = n' /\ k = n') \/ 
    (exists (n' m' k' : nat), 
      add n' m' k' /\ n = S n' /\ m = m' /\ k = S k')

H: add n m k 

initial proof context final proof context
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Inductive types: algebraic data types

H3: forall (l : list A), exists (x : A) (l' : list A), 
      l = x !:: l' \/ l = []

Inductive list (A : Type) : Type !:= 
  | nil : list A 
  | cons : A !-> list A !-> list A.

H1: forall (x : A) (l : list A), [] !<> x !:: l

H2: forall (x y : A) (l l' : list A), 
      x !:: l = y !:: l' !-> x = y /\ l = l'

non confusion

generation

injectivity
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Inductive types: pattern matching

H: forall (A : Type) (def : A) (l : list A) (n : nat), 
  nth_default def l n = 
    match nth l n with 
    | Some x !=> x 
    | None !=> def 
    end

H1: forall (A : Type) (def : A) (l : list A) (n : nat), 
  nth l n = Some x !-> nth_default def l n = x

H2: forall (A : Type) (def : A) (l : list A) (n : nat), 
  nth l n = None !-> nth_default def l n = def

initial proof context

final proof context
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Handling symbols

objective:   interpret symbols in the proof context

definition unfolding

fixpoint elimination

theory-based pre-processing

1

2

3
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Theory-based pre-processing: Trakt

forall (n : nat), n + n !>= n

forall (x : int), x !>= 0 !-> (2 * x = x + x)%R

forall (x : Z), x !>= 0 !-> x + x !>= x lia.

zify; lia.

zify; lia.

forall (x : int) (f : int !-> int), x !>= 0 !-> 
  f (2 * x)%R !== f (x + x)%R = true ?
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zify [Besson, 2017]

mczify [Sakaguchi, 2021]
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Theory-based pre-processing: Trakt

forall (x : int) (f : int !-> int), x !>= 0 !-> 
  f (2 * x)%R !== f (x + x)%R = true
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Theory-based pre-processing: Trakt

forall (x : int) (f : int !-> int), x !>= 0 !-> 
@eq_op int_eqType 

    (f (@GRing.mul int_Ring 2 x)) 
    (f (@GRing.add int_ZmodType x x)) 
      = true
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Theory-based pre-processing: Trakt

trakt Z bool.

10 / 18Enzo Crance

forall (x : int) (f : int !-> int), x !>= 0 !-> 
@eq_op int_eqType 

    (f (@GRing.mul int_Ring 2 x)) 
    (f (@GRing.add int_ZmodType x x)) 
      = true
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Theory-based pre-processing: Trakt

forall (x : Z) (f : Z !-> Z), x !>=? 0 = true !-> 
  f (2 * x) !== f (x + x) = true

Z.mul Z.eqb Z.add

trakt Z bool.

10 / 18Enzo Crance

forall (x : int) (f : int !-> int), x !>= 0 !-> 
@eq_op int_eqType 

    (f (@GRing.mul int_Ring 2 x)) 
    (f (@GRing.add int_ZmodType x x)) 
      = true
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Theory-based pre-processing: Trakt

Trakt Add Relation (@eq_op int_eqType) Z.eqb proof.

Trakt Add Embedding int Z Z_of_int Z_to_int proof.

Trakt Add Symbol intZmod.addz Z.add proof.

database construction before running the tactic
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Theory-based pre-processing: Trakt

G G'

πG' !-> G πG'πG

smt

!!...

lia

knowledge base
parameters

commands

initial 
goal

associated goal

automation 
back-end
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Going first order

objective:   align the proof context with the scope of an external prover

hypothesis monomorphisation

pointwise version of higher-order equalities

1

2
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The snipe orchestration tactic

Coq goal 
+ context

snipe = pre-processing + SMTCoq

SMTCoq
goal 

solved

scope
snipe

scope = combination of pre-processing tactics

transformation
transformation

transformation

transformation
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Example

Fixpoint shift (d c : nat) (t : term) : term !:= 
  match t with 
  | var n !=> var (if c !<=? n then n + d else n) 
  | app t1 t2 !=> app (shift d c t1) (shift d c t2) 
  | abs t' !=> abs (shift d (S c) t') 
  end.

Lemma shift_zero (n : nat) (t : term) : shift 0 n t = t.
Proof. elim: t n; snipe. Qed.

Inductive term : Type !:= 
  | var : nat !-> term 
  | app : term !-> term !-> term 
  | abs : term !-> term.

global references to interpret in the subgoals: term, shift

<latexit sha1_base64="VIw42/dRpzSkiY1IXRlyDGPbBpw="></latexit>

"0n t = t
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Example: interpreting term

H7: forall t, exists n t1 t2 t', t = var n \/ t = app t1 t2 \/ t = abs t'

H1: forall n t1 t2, var n !<> app t1 t2

H4: forall n n', var n = var n' !-> n = n'

non confusion

generation

injectivity

H2: forall n t, var n !<> abs t
H3: forall t1 t2 t, app t1 t2 !<> abs t

H5: forall t1 t1' t2 t2', app t1 t2 = app t1' t2' !-> t1 = t1' /\ t2 = t2'
H6: forall t t', abs t = abs t' !-> t = t'

Inductive term : Type !:= 
  | var : nat !-> term 
  | app : term !-> term !-> term 
  | abs : term !-> term.
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Example: interpreting shift
Fixpoint shift (d c : nat) (t : term) : term !:= 
  match t with 
  | var n !=> var (if c !<=? n then n + d else n) 
  | app t1 t2 !=> app (shift d c t1) (shift d c t2) 
  | abs t' !=> abs (shift d (S c) t') 
  end.

definition unfolding
H8: 
  shift = fix F d c t !:= 
    match t with 
    | var n !=> var (if c !<=? n then n + d else n) 
    | app t1 t2 !=> app (F d c t1) (F d c t2) 
    | abs t' !=> abs (F d (S c) t') 
    end
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Example: interpreting shift
Fixpoint shift (d c : nat) (t : term) : term !:= 
  match t with 
  | var n !=> var (if c !<=? n then n + d else n) 
  | app t1 t2 !=> app (shift d c t1) (shift d c t2) 
  | abs t' !=> abs (shift d (S c) t') 
  end.

definition unfolding
higher-order equality elimination

H8': forall d c t, 
  shift d c t = (fix F d c t !:= 
    match t with 
    | var n !=> var (if c !<=? n then n + d else n) 
    | app t1 t2 !=> app (F d c t1) (F d c t2) 
    | abs t' !=> abs (F d (S c) t') 
    end) d c t
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Example: interpreting shift
Fixpoint shift (d c : nat) (t : term) : term !:= 
  match t with 
  | var n !=> var (if c !<=? n then n + d else n) 
  | app t1 t2 !=> app (shift d c t1) (shift d c t2) 
  | abs t' !=> abs (shift d (S c) t') 
  end.

definition unfolding
higher-order equality elimination

fixpoint elimination

H8'': forall d c t, 
  shift d c t = 
    match t with 
    | var n !=> var (if c !<=? n then n + d else n) 
    | app t1 t2 !=> app (shift d c t1) (shift d c t2) 
    | abs t' !=> abs (shift d (S c) t') 
    end
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Example: interpreting shift
Fixpoint shift (d c : nat) (t : term) : term !:= 
  match t with 
  | var n !=> var (if c !<=? n then n + d else n) 
  | app t1 t2 !=> app (shift d c t1) (shift d c t2) 
  | abs t' !=> abs (shift d (S c) t') 
  end.

definition unfolding
higher-order equality elimination

fixpoint elimination
pattern matching elimination

H11: forall d c t t', 
  t = abs t' !-> shift d c t = abs (shift d (S c) t')

H10: forall d c t t1 t2, 
  t = app t1 t2 !-> shift d c t = app (shift d c t1) (shift d c t2)

H9: forall d c t n, 
  t = var n !-> shift d c t = var (if c !<=? n then n + d else n)
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Example: interpreting shift
Fixpoint shift (d c : nat) (t : term) : term !:= 
  match t with 
  | var n !=> var (if c !<=? n then n + d else n) 
  | app t1 t2 !=> app (shift d c t1) (shift d c t2) 
  | abs t' !=> abs (shift d (S c) t') 
  end.

H11: forall d c t t', 
  t = abs t' !-> shift d c t = abs (shift d (S c) t')

H9a: forall d c t n, 
  t = var n !-> c !<=? n = true !-> shift d c t = var (n + d)

H10: forall d c t t1 t2, 
  t = app t1 t2 !-> shift d c t = app (shift d c t1) (shift d c t2)

H9b: forall d c t n, 
  t = var n !-> c !<=? n = false !-> shift d c t = var n

definition unfolding
higher-order equality elimination

fixpoint elimination
pattern matching elimination
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Example: interpreting shift

Trakt

Fixpoint shift (d c : nat) (t : term) : term !:= 
  match t with 
  | var n !=> var (if c !<=? n then n + d else n) 
  | app t1 t2 !=> app (shift d c t1) (shift d c t2) 
  | abs t' !=> abs (shift d (S c) t') 
  end.

H9a: forall (d c : nat) (t : term) (n : nat), 
  t = var n !-> c !<=? n = true !-> 
    shift d c t = var (n + d)

H9a': forall (d' : Z), d' !>= 0 !-> forall (c' : Z), c' !>= 0 !-> forall (t : term) (n' : Z), n' !>= 0 !-> 
  t = var (Z.to_nat n') !-> c' !<= n' !-> 
    shift (Z.to_nat d') (Z.to_nat c') t = var (Z.to_nat (n' + d'))

definition unfolding
higher-order equality elimination

fixpoint elimination
pattern matching elimination

17 / 18Enzo Crance
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Conclusion

suite of compositional standalone transformations

orchestration in the sniper plugin

add your own!

make your own!

feedback is welcome!

compositionality: several meta-languages

Coq-ElpiLtac MetaCoq
[Sozeau et al., 2020] [Tassi, 2018]
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[Delahaye, 2000]



Thank you!

https:!//github.com/smtcoq/sniper/releases/tag/cpp23 
https:!//github.com/ecranceMERCE/trakt/releases/tag/1.2

https://github.com/smtcoq/sniper/releases/tag/cpp23
https://github.com/ecranceMERCE/trakt/releases/tag/1.2
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