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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 repeat_nat (x : nat) (count : nat) : natlist
match count with
| 0 => nat_nil
| S count’ => nat_cons x (repeat_nat x count’)
end.
Fixpoint repeat_bool (x : bool) (count : nat)
: boollist
match count with
| 0 => bool_nil
| S count’ => bool_cons x (repeat_bool x count’)
end.

(natlist DAVRA RSV Y DERNIEAF L)

EEEHE (2D 4) November 7, 2017

9/51



- SHANTY 2 N LIBRIHA

Fixpoint repeat (X : Type) (x : X)
(count : nat) : list X :=
match count with
| 0 => nil X
| S count’ => cons X x (repeat X x count’)
end.

o HEHRLRAKICEAMERL BRI THRIL
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Example test_repeatl :

repeat nat 4 2

= cons nat 4 (cons nat 4 (nil nat)).
Proof. reflexivity. Qed.

Example test_repeat2 :

repeat bool false 1

= cons bool false (nil bool).
Proof. reflexivity. Qed.
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Coq < Check (repeat nat).
repeat nat
: nat -> nat -> list nat

Coq < Check (repeat bool).
repeat bool
: bool -> nat -> list bool

Coq < Check repeat.
repeat

: forall X : Type, X -> nat -> list X

EROERZZITRY, TDVRA M3l &%R
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Coq < Fixpoint repeat' X x count : list X :=
match count with

| 0 => nil X
| S count' => cons X x (repeat' X x count')
end.

BBREID repeat & A UE

Coq < Check repeat'.
repeat’
: forall X : Type, X -> nat -> list X
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Fixpoint repeat’ X x count : list X :=
match count with

| O => nil X
| S count’ => cons X x (repeat’ X x count’)
end.

Check (cons nat 1 (nil nat)).

o CDFWVWESDEWEWEEL D EA!
o Coq ICHERRIEL D!
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Fixpoint repeat’’ X x count : list X :=
match count with

| 0O => nil X
| S count’ => cons _ x (repeat’’ _ x count’)
end.

Check (cons _ 2 (cons _ 1 (nil .))).
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FEE W]

EEEHE (2D 4) November 7, 2017 17 / 51



TN —=ZRAT7ITDOOmEAE:-
BB DIEEL or 2 THET7VHF —ROT %é%?%
T=ODH X L

Arguments nil {X}.
Arguments cons {X} _ _.
Arguments repeat {X} x count.

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 repeat’’’ {X : Type} (x : X)
(count : nat) : list X :=
match count with

| 0 => nil
| S count’ => cons x (repeat’’’ x count’)
end.

o HIFIFUW L TREIH’ERINTWVWS (BB LA
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Inductive list’ {X:Type} : Type :=
| nil’ : list’
| cons’ : X -> list’ -> list’.

E9gBHE, list’ nat EMNEFIFRLLRSBDTNG.
= BRMREEERTITOLY, IVA NS I5ETRIE
Arguments CHEEET 5.
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Fixpoint app {X : Type} (11 12 : 1list X)
(list X) :=
match 11 with
| nil => 12
| cons h t => cons h (app t 12)
end.

Fixpoint rev {X:Type} (1l:1list X) : list X :=
match 1 with
| nil => nil
| cons h t => app (rev t) (cons h nil)
end.
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Fixpoint length {X : Type} (1 : list X)
: nat :=

match 1 with

| nil => 0

| cons _ 1’ => S (length 1’)
end.
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Definition mynil := nil. (% nil _ DT &! *)

o nil ~NDEB|HEHRL LD ET BN, ROFNA
WDTITT7—
—> [OEE SR
» EVNEE5Z B
Definition mynil : list nat := nil.
- BREZEMNETEARL—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 1:1list nat, [] ++ 1 = 1.
Proof. intros 1. reflexivity. Qed.

Theorem nil_app_bool :
forall 1:1ist bool, [] ++ 1 = 1.
Proof. intros 1. reflexivity. Qed.

EEEHE (2D 4) November 7, 2017 27 / 51



BT 5 EMEBILZED T EHTHATE D!

Theorem nil_app :
forall X:Type, forall 1l:list X,

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

Qed.

e T—HICDVWTHD MEED~] &EEHKIC intros %
fFEW, BXERETS
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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 BIRFEDIEMIMER X * Y (MMFETIEARL)
o (, ) &*xDEWIER
» (1, true) : nat * bool
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Definition fst X Y : Type (p : X 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 nth_error {X : Type} (1 : list X)
(n : nat) : option X :=
match 1 with
| [1 => None
| a :: 17 => if beq_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.

v
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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) (x:X) : X :=
f € x)).

Example test_doit3times’:
doit3times negb true = false.
Proof. reflexivity. Qed.
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Fixpoint filter {X:Type}
(test: X->bool) (1:1list 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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OCaml TWD & fun DT &
e OCaml: fun x —> =

e Coqg: fun x => I

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

Coq < Check (fun (x y : nat) => x +y + 1).
funzy : nat =>x +y + 1
: nat -> nat -> nat

Coq < Check (fun (b : bool) (x : nat) =>
if b then x else x + 1).
fun (b : bool) (z : nat) => <f b then z else z + 1
: bool -> nat -> nat
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Fixpoint map {X Y:Type} (f:X->Y) (1:1ist X)

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

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

o B £ DB - RYEDEIE->THLW
s TREFEN X, Y ICHEY
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Fixpoint fold {X Y:Type}
(f: X->Y->Y) (1:1list X) (b:Y) : Y :=
match 1 with
| nil => b
| h :: t = f h (fold £ t b)
end.

EzZohnk10
@ nil I b T
@ cons ¥ f CEXHZ S

» | consht=>fh (fold ftb) OAIPEZ
BZTWBRELNTS?
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Example fold_exampleO :
fold plus (1 :: 2 :: 3 :: 4 :: nil) O
=1+ @Q+ @+ &+ 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_example3 :

fold app [[1];0];[2;3]1;0411 I = [1;2;3;4].
(k [1] ++ [1 ++ [2;3] ++ [4] ++ [] %)

v
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Definition constfun {X: Type}
(x: X) : nat—>X :=
fun (k:nat) => x.

Definition constfun’ (* CNTEHERL *)
{X: Type} (x: X) (k: nat) : X := x.

Definition ftrue := constfun true.
(* a function that always returns true *)

Example constfun_examplel: ftrue 0 = true.
Example constfun_example2: (constfun 5) 99 = §.
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nat -> (nat -> nat)

o > FE(RT7ED+x DLIRBEDTIFRET (B
#4)

@ nat Z V& D%IFTES & nat -> nat DB (<)
%R 9 R

o BIEUISTEDREBFICHEZA R TH LW

= BB B (partial application)
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Definition plus3 := plus 3.
Check plus3.

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

Example test_plus3’’
doit3times (plus 3) 0 = 9.
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@ Exercise: poly_exercises (2), split (2), flat_map
(2) currying (2)
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