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Require Import Arith.

Goal forall x, 1 + x =x + 1. (x GoalOOOOOOOOOOOOO =)
intros.

l+z=x+ 1
Check plus_comm.
: forall nm : mat, n + m=m+n
apply plus_comm.
Abort.  ODO00OOooobooooooogoo =
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Goal forall xyz, x+y +2z=2+y + X.
intros.
Check eq_trans.
: forall (A : Type) (zy 2z : A), c=y >y=2->x=2
apply eq_trans.
Error: Unable to find an instance for the wariable y.
eapply eq_trans. x yOOOOOOODOOODOeapplyOD OO =)
T +y + 2z =7213
apply plus_comm.
eapply eq_trans.
Check f_equal.

: forall (AB : Type) (f : A ->B) (zy : 4, z=y->fzc=7Fy
apply f_equal. (x ?7f = plus z *)
apply plus_comm.
apply plus_assoc.

Restart. (x OO0O00OooOoo =)
intros.
rewrite plus_comm. (x rewrite 0000000 =)

rewrite (plus_comm x) .



apply plus_assoc.
Abort.
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Goal
(forall P : nat -> Prop,
PO -> (foralln, Pn > P (S n)) -> forall n, P n)
-> forall n, n+1 =1+ n.
intros H n. (*x 000000 introO 0O %)
apply H.
Restart.
intros H n.
pattern n. (x pattern DO OOOOOO0OOO %)
apply H.
Restart.
intros H. (» forall n OOOOOOOO0O =)
apply H.
Abort.

Uo0ooddoboobodiodibdlUapplyld U0 inductionlconstructorlrewrite
UrefineJU oo
inversion U U0O0OOO0OOOOOO0OOODOOOOO0O0O0OOLOOOOOO0O0O0O0O

gbobbobbouoodgiobbbDinversion HOOO HOOODODODODOOOOOOO
gobobooogon

19700 0000000000000000 Gérard Huet 0 Coq000000000000O0ODODOO

2



l. ogobobbooodobbboooobbboooboboboooobon
2.00000000HO0O0DOO0OOO
. 0gboobobooboobooboon

4. 0Dgo00OO0oboOo0obo0obo0oboobOobboboobooDbon

Hint [0 auto

Obobooobobobdbiblbautolgooobooboboooboobobooon
UOOauto O OO0 Hint leml lem2 ... JUOO0O0OOODO apply U0
O00000000000000050000000 (auto n000 nO00O00O)Oinfo
avto U DOO0OOOO0DOODOODOOODOOODO

Hint Constructors UU DO UODOUODOUODOUOODOODOODOODODODODODOOOO
auto using lemUJ OO0 0OU00O0O0OOOOOO0OOODOOOO

anvto O UOOOOOODOODLOOOOOOODODLOOODODLODODbOOODODeauto
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rewrite

rewrite OO0 O0O00O0O0O0OO.

Section rewrite.

Variable x : nat.

Goal 5+ x + 0 =5 + x.
rewrite plus_comm.

Abort.

gb,<-0000aobbodood, ,gobbbooodgbobobodad.

Check plus_assoc.
Goal 5+ x + 0 =5 + x.
rewrite <- plus_assoc, (plus_comm X).
Abort.
End rewrite.
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Print ex.
Inductive ex (4 : Type) (P : A -> Prop) : Prop :=
ex_intro : forall = : A, Px —-> ex P.

ex (fun x:A => P(x)) O exists x:A, P(x) OO0O0O0OO0OO
O000000000exP=3z,P(x)0 20 P2)D0O0O0OO0O0O0OOOO200001
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Require Import Arith.

Print le.
Inductive le (n : nat) : mat -> Prop :
len :n<=n [ le,S : forall m : nat, n <=m -> n <= S m.

Lemma exists_pred : forall x, x > 0 -> exists y, x = S y.

Proof.
intros x Hx.
destruct Hx.
exists 0. reflexivity.
exists m. reflexivity.

Qed.

O00OexU Propd 00000000000 DO0ODOODDOODOODOODOO
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Print sig.
Inductive sig (A : Type) (P : A -> Prop) : Type :=

exist : forall © : A, P x -> sig P.
sig (fun x:T => Px) U {x:T | Px} 00 000ex00000000OOO existsO
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Definition safe_pred x : x > 0 -> {y | x = S y}.
intros x Hx.

destruct Hx.
Error: Case analystis on sort Set is not allowed for inductive definition le.
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Definition safe_pred x : x > 0 -> {y | x = S y}.
intros x Hx.
destruct x as [[x’].

elim (le_Sn_0 0). x J0obOoboooboooboooog =

exact Hx.
exists x’.
reflexivity. xOOoogog =)
Defined. x O00000000O0O0O00OoO0OoOoao

OOooopooogoCamlU0OO0O0OOODOO0OOODOOOOOPropOd0DOOOOOO

Extraction safe_pred.
(** val safe_pred : nat -> nat **)

let safe_pred = function
| 0 -> assert false (* absurd case *)

| Sz’ -> z’
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Print sumbool.
Inductive sumbool (A B : Prop) : Set :=
left : A -> {A} + {B} | right : B -> {A} + {B}.

00000000 Osumbool A BO {A}M{B} 00000
00000000000000000000000000000

Check le_lt_dec.
: forall mm : nat, {n <=m} + {m < n}

3 Uogoon

Require Import List.
Section Sort.
Variables (A:Set) (le:A->A->Prop).
Variable le_refl: forall x, le x x.
Variable le_trans: forall x y z, le xy > ley z -> le x z.
Variable le_total: forall x y, {le x y}+{le y x}.

Inductive le_list x : list A -> Prop :=
| le_nil : le_list x nil
| le_cons : forall y 1, le x y -> le_list x 1 -> le_list x (y::1).

Inductive sorted : list A -> Prop :=
| sorted_nil : sorted nil
| sorted_cons : forall a 1, le_list a 1 -> sorted 1 -> sorted (a::1).

Hint Constructors le_list sorted.

Fixpoint insert a (1: list A) :=
match 1 with

| nil => (a :: nil)
| b :: 1> => if le_total a b then a :: 1 else b :: insert a 1’
end.

Fixpoint isort (1 : list A) : list A :=
match 1 with
| nil => nil
| a :: 1° => insert a (isort 1’)
end.

Lemma le_list_insert : forall a b 1,
le a b -> le_list a 1 —> le_list a (insert b 1).
Proof.
intros.
induction HO.
simpl. info auto.



simpl.
destruct (le_total b y). (x le_total OO OODOOODO %)
info auto.
info auto.
Qed.

Lemma le_list_trans : forall a b 1,
le a b -> le_list b 1 -> le_list a 1.

Proof.

intros.

induction HO. constructor.

info eauto using le_trans. (x le_transOUODOOO0OO0OO0O0OO0O0O =)
Qed.

Parameter insert_ok : forall a 1, sorted 1 -> sorted (insert a 1).
Parameter isort_ok : forall 1, sorted (isort 1).

Inductive Permutation : list A -> list A -> Prop :=
| perm_nil: Permutation nil nil  0Oooooooo =)
| perm_skip: forall x 1 17,
Permutation 1 1’ -> Permutation (x::1) (x::1’)
| perm_swap: forall x y 1, Permutation (y::x::1) (x::y::1)
| perm_trans: forall 1 1’ 1°’,
Permutation 1 1’ -> Permutation 1’ 1’’ -> Permutation 1 1°°.

Parameter Permutation_refl : forall 1, Permutation 1 1.
Parameter insert_perm : forall 1 a, Permutation (a :: 1) (insert a 1).
Parameter isort_perm : forall 1, Permutation 1 (isort 1).

Definition safe_isort : forall 1, {1’|sorted 1’ /\ Permutation 1 1’}.
intros. exists (isort 1).
split. apply isort_ok. apply isort_perm.
Defined.
End Sort.

Check safe_isort.
Definition le_total : forall m n, {m <= n} + {n <= m}.
intros. destruct (le_lt_dec m n). auto. auto with arith.

Defined.

Definition isort_le := safe_isort nat le le_total.
(x JO0O0O0O0O0O0O0le_refld le_transO00O00OD0ODODO %)

Eval compute in projl_sig (isort_le (3 :: 1 :: 2 :: 0 :: nil)).
=0 ::1::2::3 :: nil

Extraction "isort.ml" isort_le. (x JOOOOO0OO isort.mlOO0O0OO %)

OO000 3.1 Parameter 0 Theorem U O OO OOOOOOOOO



