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Inductive day : Type := Definition ﬁext_weekday (d:day) : day :=

monday match d with
tuesday monday => tuesday
wednesday tuesday => wednesday
thursday wednesday => thgrsday
friday thgrsday => friday
saturday friday => monday
sunday. saturday => monday

sunday => monday

end.
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Compute (next weekday friday).
(* = monday : day *)

Compute (next weekday (next weekday saturday)).
(* = tuesday : day *)
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Example test next weekday:
(next_weekday (next weekday saturday)) = tuesday.

Proof. simpl. reflexivity. Qed.

Examplexs2ia = BHEIE, Exampled] L #ipLemma. Theorem. Fact. RemarkZf
EIBFEZZIERR, WERREER A —F % tactics:

simpl: L EFRIA

reflexivity: FR¥EXIFRIE1ERR
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Example test next weekday:
(next_weekday (next weekday saturday)) = tuesday.
(** [Cog Proof View]

* 1 subgoal
*

X e e —

* next weekday (next_weekday saturday) = tuesday
*)

Proof.

simpl.

(** [Coq Proof View]

* 1 subgoal
*

¥ e e — —

*  tuesday = tuesday
*)
reflexivity.
(** No more subgoals. *)
8 QEd.
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« BEJX#Scheme. Ocaml. Haskell

Require Extraction.
Extraction Language Scheme.
Extraction next weekday.

(define next_weekday (lambda (d)
(match d

((Monday) " (Tuesday))
((Tuesday) "~ (Wednesday))
((Wednesday) "~ (Thursday))
((Thursday) " (Friday))
((Friday) "~ (Monday))
((Saturday) " (Monday))

((Sunday) " (Monday)))))
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« BEJX#Scheme. Ocaml. Haskell

Require Extraction.
Extraction Language OCaml.
Recursive Extraction next_weekday.

type day = i:* val next weekday : day -> day
Monday )
szizzﬁay let next_weekday = function
Thursday Monday -> Tuesday
Friday Tuesday -> Wednesday
Saturday Wednesday -> Thursday
Sunday Thursday -> Friday
_ -> Monday
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« BEJX#Scheme. Ocaml. Haskell

= HICHY

Require Extraction

Extraction Language Haskell.
Recursive Extraction next_weekday.

module Main where
import qualified Prelude
data Day =

11

Monday
Tuesday
Wednesday
Thursday
Friday

next _weekday :: Day -> Day
next_weekday d =
case d of {
Monday -> Tuesday;
Tuesday -> Wednesday;
Wednesday -> Thursday;
Thursday -> Friday;
_ -> Monday}

Saturday
Sunday
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(** **** Exercise: 1 star, standard (nandb)

(** 1 %)
« JIF AR A FH Qed. ELAAYF Admitted.

s BT

coqc -Q . LF Basics.v
coqc -Q . LF BasicsTest.v

12




« CogBERAMIEIARBE ], BEARFIEREEREEN H K
s RIRER(TBEEEEMEFAN—EEX

Inductive bool : Type :=
| true
| false.

Definition negb (b:bool) :

bool :=
match b with
| true => false
| false => true
end.

13

Definition andb (bl:bool)
(b2:bool) : bool :=
match bl with

| true => b2
| false => false
end.

Definition orb (bl:bool)
(b2:bool) : bool :=
match bl with
| true => true
| false => b2
end.
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Example test orbl: (orb true false)
Proof. simpl. reflexivity. Qed.
Example test orb2: (orb false false)
Proof. simpl. reflexivity. Qed.
Example test orb3: (orb false true)
Proof. simpl. reflexivity. Qed.
Example test orb4: (orb true true)
Proof. simpl. reflexivity. Qed.

true.

false.

true.

true.
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Notation "x && y" := (andb x y).
Notation "x || y" := (orb x y).
Example test orb5: false || false || true = true.

Proof. simpl. reflexivity. Qed.
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Definition negb' (b:bool) : bool :=
if b then false
else true.

Definition andb' (bl:bool) (b2:bool) : bool :=
if bl then b2
else false.

Definition orb' (bl:bool) (b2:bool) : bool :=

if bl then true
else b2.

« ERTRREREREL, BG4 K
. MEbEHE—MIERNEL, NERE—1 5%, BB
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Check true.
(* ===> true : bool *)

Check true : bool.
Check (negb true) : bool.

Check negb : bool -> bool.

Check orb : bool -> bool -> bool.

* Check¥TEN K ERIA AL R
* bool->boolz=R7RAbool A% A, PAbool kst By BR 45
« >HZ4E, Blbool->bool->boolZ{f}Fbool->(bool->bool)
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Inductive rgb : Type :=
| red
| green
| blue.

Inductive color : Type :=
| black
| white

| primary (p : rgb).

* }2[0]: colorA]gE B Z/DAERIE?
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Check black : color.
Check primary : rgb -> color.

£\

Definition monochrome (c : color) : bool :=
match ¢ with
| black => true
| white => true
| primary p => false (* pILEZ{EErgb *)
end.

Definition isred (c : color) : bool :=
match ¢ with
black => false
white => false
primary red => true (* HILE{EEred *)
primary _ => false (* [DLEd{EErgb, BEREHIZZSE *)
end.
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Module Playground.
Definition b : rgb := blue.
End Playground.

Definition b : bool := true.

Check Playground.b : rgb.
Check b : bool.

o K1{PlFC++Hgnamespacefllavaf gy package
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Inductive bit : Type :
| Be
| B1.

Inductive nybble : Type :=
| bits (b@ bl b2 b3 : bit).

Check (bits B1 BO Bl BO)
: nybble.

21
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Definition all zero (nb : nybble) : bool :=
match nb with
| (bits BO BO BO BO) => true
| (bits = ) => false
end.

Compute (all zero (bits B1 Bo Bl BO)).
(* ===> false : bool *)
Compute (all zero (bits Bo BO Bo BO)).
(* ===> true : bool *)
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Inductive nat : Type := Definition pred (n : nat) : nat :=
| O match n with
| S (n : nat). | 0=>0
| S n' =>n"
end.
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Check (S (S (S (S 0)))).
¥ ===> 4 : nat *)

Definition minustwo (n : nat) : nat :=
match n with
| 0 =>0
| S0 =>0
| S (Sn') =>n'
end.

Compute (minustwo 4).
(* ===> 2 : nat *)
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match (S (S 0)) with

| 0=>0
minustwo 2 [i> minustwo (S (S 9)) [$> | S0=>0 [i> %)

| S (Sn') =>n'
end

C I E RO SRR NBN DA, 75
ISR

* minustwo (S(Sn))=n
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Fixpoint even (n:nat) : bool :=
match n with
| O => true
| SO => false
| S (S n') => even n'
end.

26
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Fixpoint plus (n : nat) (m : nat) : nat :=
match n with
| 0 =>m
| S n' =>S (plus n' m)
end.

Compute (plus 3 2).
* ===> 5 : nat *)
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Z1F(n:nat) (m:nat)

Fixpoint mult (n m : nat) : nat :=
match n with
| 0 =>0
| S n' => plus m (mult n' m)
end.
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Fixpoint exp (base power : nat) : nat :=
match power with
| 0=>S0
| S p => mult base (exp base p)
end.
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Fixpoint minus (n m:nat) : nat :=
match n, m with
| o , _ => 0
| s _, 0 => n
| S n', Sm' => minus n' m
end.
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Structural Recursion
* CoqEKATAERIBFER A& LERY
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Fixpoint plus' (n : nat) (m : nat) : nat :=
if (n >? m) then
match m with
| @ => n

> plus' (S n) m'

else
match n with
| 0 =>m
| S n' => (plus' n' (S m))
end.

* AT AR EWIBRYI?
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Fixpoint quicksort (1: list nat) :=

match 1 with

| nil => nil
| h :: t => (quicksort (filter 1lte h t))
++ h :: (quicksort (filter gt h t))

end.

« CoqFo A
SHITIREE

L L
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Notation "x + y" := (plus x y)
(at level 50, left associativity)

: nat_scope.

Notation "x - y" := (minus X y)
(at level 50, left associativity)
: nat_scope.

Notation "x * y" := (mult x y)
(at level 40, left associativity)
: nat_scope.

Check ((© + 1) + 1) : nat.

e atleveln: n#k/]\, LK H ST
o left/right associativity: ZZ54& /A%
. ?%t scope: UNSRCoqiE:E T %I 5 , AJLAF (x*y)%nat k53

Fnat_scope

., Notation 55 AR IRFEREKREE
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Fixpoint egb (n m : nat) : bool := Fixpoint leb (n m :
match n with match n with
| 0 => match m with | 0 => true
| 0 => true | S n' =>
| S m' => false match m with
end | 0 => false
| S n' => match m with | Sm' => 1leb n' m'
| 0 => false end
| Sm' => egb n' m' end.
end
end.
Notation "x =? y" := (egb x y) (at level 70) : nat_scope.
Notation "x <=? y" := (leb x y) (at level 70) : nat_scope.
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Theorem plus O n : forall n : nat, @ + n = n.
(** [Coq Proof View]
* 1 subgoal

X
¥ & e

* forall n : nat, @ + n = n
*)
Proof. intros n.

(** [Coq Proof VigﬁT\\\\\

* 1 subgoal
*

intros n: RIXNARXMERER B
RE, B ARRKE, F]R-

S4BT 4 FA 17
: Nt AT B e m

* n : nat

¥ @+ n=n

*)
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simpl.
(** [Cog Proof View]

* 1 subgoal
*

* n : nat
X e e

* n =n
*) NRIREEZn+0=n,
reflexivity.

I BE FH XA 77 TCUE AR
Qed. l]—E:ll?

(** No more subgoals. *)
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Theorem plus O n'' : forall n : nat, @ + n = n.
(** [Coq Proof View]

* 1 subgoal
*

¥ & & amm-————ee—e e —

* forall n : nat, @ + n = n
*)

Proof. intros m.

(** [Cog Proof View]
* 1 subgoal

k

: m : nat reflexivity= B & N F simpl
* Q@ +m=m

*)

reflexivity.

(** No more subgoals. *)
Qed.
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Theorem plus id example : forall n m:nat,

n=m->
Nn+n=m+m.
Proof.
intros n m. intros H..\\\\\\\\
(7 Lcoq Proof View] BAHBIBATIRE, &R “4A]
- 1 subgoal A AR
) | ZREFE B R BRR &
n, m : nat BE—kE
* H: n=m
* — e e e e e e e e e —
* n+n=m+m
*)

(* rewrite the goal using the hypothesis: *)
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(*
*
*
*
*
*
*

*

TS Rewrite1f BH

rewrite -> H.

* [Cog Proof Vie@i\\\\\\\\\\\
1 subgoal B BEFRHH DI E S A1
HEZAER, AJLLERIRHFH

n, m : nat ZR, WAl 2B ERE,

)

reflexivity.(** No more subgoals. *)
Qed.
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C

rewrite <- H

(** [Coq Proof Vieﬁi\\\\\\\\\\\

* 1 subgoal ¥ BFrH A DB Z2 1
* HEZANE, AJLLERTIRHM
¥ n, m: nat F, A AEZ AR ERE,
* H:n=m Bkt AT RS, ERAEIA

¥ e —

* n+n=n+n

*)
reflexivity.(** No more subgoals. *)
Qed.
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Check plus_id example.

(**

* plus_id example

* : forall nm : nat, n=m ->n+n=m+m
*)

* ZReFE, EEEXMREZFNH

42
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Theorem plus 1 neq © : forall n : nat,
(n + 1) =2 0 = false.

Proof.
intros n. destruct n as [| n'] egn:E.
- reflexivity.

- reflexivity. Qed.

* destruct n: ¥nix ".’i‘lﬁ’] AN E X 52 7%
«as[| n']: ATERE, BEXSEEZ
* eqn:E: 1%“”/\%2@'1%[!2}:13’] EMMRRENBIRE, WE
B U AR B4

S SRR T BRI, AN R R
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Theorem andb_commutative : forall b ¢, andb b ¢ = andb c b.
Proof.
intros b c. destruct b eqgn:Eb.
- destruct c egn:Ec.
+ reflexivity.
+ reflexivity.
- destruct c egn:Ec.
+ reflexivity.
+ reflexivity.
Qed.

Ch - IR RESHALUFET B
o YN+++of **

44



H b B AFRR 73 0%

Theorem andb commutative' : forall b ¢, andb b ¢ = andb c b.
Proof.
intros b c. destruct b eqgn:Eb.
{ destruct c egn:Ec.
{ reflexivity. }
{ reflexivity. } }
{ destruct c egn:Ec.
{ reflexivity. }
{ reflexivity. } }
Qed.

* ({PRIE— 1 F HARRYIERR
* {0+, -, *AI AR ROR & 1.
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