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Inductive boollist : Type :=
| bool_nil : boollist
| bool _cons : bool -> boollist -> boollist.
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Inductive list (X:Type) : Type :=
| nil : list X
| cons : X -> 1list X -> list X.
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Coq < Check (nil nat).
nil nat
list nat

Coq < Check (cons nat 1 (nil nat)).
cons nat 1 (nil nat)
list nat

Coq < Check (cons bool true (cons bool false (nil bool)))
cons bool true (cons bool false (nil bool))
list bool
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Coq < Check (cons nat).
cons nat
> nat => list nat -> list nat

Coq < Check (cons bool).
cons bool
: bool -> 1list bool -> list bool

TIlE, cons DEAETORIT?
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Coq < Check cons.
cons
: forall X : Type, X -> list X -> list X

cons IE TEEDE X [TDWT

X -> list X -> list X
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Inductive list (X:Type) : Type :=
| nil : list X
| cons : X -> 1list X -> list X.
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Fixpoint length_nats (l:natlist) : nat :=
match 1 with

| nat_nil => 0
| nat_cons h t => S (length_nats t)
end.

Fixpoint length_bools (1l:boollist) : nat :=
match 1 with

| bool_nil => 0
| bool_cons h t => S (length_bools t)
end.

(natlist DAVRA NSV Y DEFNIEZ T LK)
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Fixpoint length (X:Type) (l:1list X) : nat :

match 1 with

| nil => 0
| cons h t => S (length X t)
end.
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Example test_lengthl :
length nat

(cons nat 1 (cons nat 2 (nil nat))) = 2.

Proof. reflexivity. Qed.

Example test_length2 :
length bool (cons bool true (nil bool)) =
Proof. reflexivity. Qed.
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Coq < Check (length nat).
length nat
list nat -> nat

Coq < Check (length bool).
length bool
list bool -> nat

Coq < Check length.
length
: forall X : Type, list X -> nat

EFEDERDNAMNAZITENDZEERLTWS

EEEHE (2D 4) November 4, 2014

12 / 46



T Dt DEEE &=

Fixpoint app (X : Type) (11 12 : list X)

(list X) :=
match 11 with
| nil => 12
| cons ht =>cons Xh (app X t 12)

end.
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Coq < Fixpoint app’ X 11 12 :=

Coq < match 11 with

Coq < | nil => 12

Cog < | cons ht =>cons Xh (app’ X t 12)
Coq < end.

BBEEID app & A U

Coq < Check app’.

app’
: forall X : Type, list X -> list X -> list X
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Fixpoint length (X:Type) (l:1list X) : nat :

match 1 with

| nil => 0
| cons h t => S (length X t)
end.

Check (cons nat 1 (nil nat)).
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Fixpoint length (X:Type) (1:1list X) : nat :=
match 1 with

| nil => 0
| cons h t => S (length _ t)
end.

Check (cons _ 2 (cons _ 1 (nil .))).
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Fixpoint length
match 1 with
| nil =>
| cons h t =>
end.

I

Fixpoint length
match 1 with
| nil =>
| cons h t =>
end.

cELZE.

EHE B (REAZ)

X1 :=

0
S (length X t)

X:_) (1:0)

0
S (length X t)
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Arguments nil {X}.
Arguments cons {X} _ _.
Arguments length {X} 1.

o LI, NS A—=4 X EnITEBTEL, WD E%
@ nil & nil _ @D, cons I& cons _ DT & ITR

Definition 1ist123’’ :=
cons 1 (cons 2 (cons 3 nil)).
Check (length 1list123’’’).
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Fixpoint length’’ {X:Type} (1:1list X) : nat :=
match 1 with

| nil => 0
| cons h t => S (length’’ t)
end.
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Definition mynil := nil. (% nil _ DT &! *)

o nil ~NDEB|HEHHL LD ETBH, ROFHNA
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Definition mynil : list nat := nil.
- BREZEMET AL —F 0 =2fES

Definition mynil’ := @nil nat.
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Notation "x :: y" := (cons x y)

(at level 60, right associativity).
Notation "[ ]" := nil.
Notation "[ x ; .. ; y 1" :=

(cons x .. (cons y [1) ..).
Notation "x ++ y" := (app x y)

(at level 60, right associativity).

Definition 1list123’’’ := [1; 2; 3].
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Theorem nil_app_nat :
forall 1:1ist nat, [] ++ 1 = 1.
Proof. intros 1. reflexivity. Qed.

Theorem nil_app_bool :
forall 1:1ist bool, [] ++ 1 = 1.
Proof. intros 1. reflexivity. Qed.
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Theorem nil_app :
forall X:Type, forall 1l:list X,

[J ++ 1 =1.
Proof.
intros X 1. reflexivity.

Qed.
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Inductive prod (X Y : Type) : Type :=
pair : X -=> Y -> prod X Y.

Arguments pair {X} {Y} _ _.
Notation "( x , y )" := (pair x y).
Notation "X * Y" := (prod X Y) : type_scope.

o BIRFEDEMIMER X * Y (MMFETIEARL)
o (, ) &xMEWIEER
» (1, true) : nat * bool
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Definition fst {X Y : Type} (p : X * Y) : X :
match p with (x,y) => x end.
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Inductive option (X:Type) : Type :=
| Some : X -> option X
| None : option X.

Arguments Some {X} _
Arguments None {X}.
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Fixpoint index {X : Type} (n : nat)
(1 : list X) : option X :=
match 1 with
| [] => None
| a :: 17 => if beg_nat n 0 then Some a
else index (pred n) 1’
end.

Example test_indexl
index 0 [4;5;6;7] = Some 4.

Example test_index3 : index 2 [true] = None.
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Definition doit3times_nat (f:nat->nat)
(n:nat) : nat :=
f (f (f n)).

Example test_doit3times_nat:
doit3times_nat minustwo 9 = 3.
Proof. reflexivity. Qed.
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Definition doit3times {X:Type}
(f:X->X) (n:X) : X :=
f (£ (fn)).

Example test_doit3times’:
doit3times negb true = false.
Proof. reflexivity. Qed.
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Definition plus3 := plus 3.
Check plus3.

Example test_plus3 : plus3 4 = 7.
(* plus 3 4 (& (plus 3) 4 D&
DFY, BEERIEEREE *
Example test_plus3’: doit3times plus3 0 = 9.

Example test_plus3’’
doit3times (plus 3) 0 = 9.
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SFEE A4 O (1) filter
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Fixpoint filter {X:Type}
(test: X->bool) (1l:1list X) : (list X) :=
match 1 with

| [] => []
| h :: t =>
if test h then h :: (filter test t)
else filter test t
end.

Example test_filterl:
filter evenb [1;2;3;4] = [2;4].
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Scheme TWD & lambda DI &
@ Scheme: (lambda (x) =)

e Coqg: fun x => I

PLE.
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Example test_filter2’:
filter (fun 1 => beq_nat (length 1) 1)
L [1; 21; [3]; [41; [5;6;71; [1; [8] |
= [ [3]; [4]; [8] 1.
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Coq < Check (fun x y => x + y + 1).
fun zy : nat =>x +y + 1
: nat -> nat -> nat
Coq < Check (fun (x y : mnat) => x +y + 1).
fun zy : nat => x +y + 1
: nat -> nat -> nat

Coq < Check (fun (b : bool) (x : nat) =>

Coq < if b then x else x + 1).

fun (b : bool) (z : mat) => if b then x else = + 1
> bool -> nat -> nat
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JAM1=1[x1; ...; xn] ORERICEAH f = EH
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Fixpoint map {X Y:Type} (f:X->Y) (1:1list X)

: (list Y) :=
match 1 with
| [] => []
| h :: t =>(f h) :: (map £ t)
end.
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Example test_mapl:
map (plus 3) [2;0;2] = [5;3;5].

Example test_map2:
map oddb [2;1;2;5] = [false;true;false;true].

o FA £ DBIE - RYEBEBDOEIZE->THLW
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Fixpoint fold {X Y:Type}
(f: X->Y->Y) (1:list X) (b:Y) : Y :=
match 1 with

| nil => b
| h :: t = f h (fold £ t b)
end.

5zohk10
@ nil ¥ b T

@ cons I& f CEXH#Z S
» | cons ht=>fh (fold f t b) DALEZ
BZTWBRRLENTS?
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Example fold_exampleO :
fold plus (1 :: 2 :: 3 :: 4 :: nil) O
=1+ @+ @+ 4+ 0)).

Example fold_examplel :

fold mult [1;2;3;4] 1 = 24.
Example fold_example?2 :

fold andb [true;true;false;true] true = false
Example fold_exampled :

fold app [[1]1;[1;[2;3];[41]1 [1 = [1;2;3;4].
e [1] ++ [1 ++ [2;3] ++ [4] ++ []1 %)
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@ Exercise: split (2), poly_exercises (2), flat_map
(2)
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