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Inductive boollist : Type :=
| bool_nil : boollist
| bool _cons : bool -> boollist -> boollist.

X T, boollist AOBEAEE &A%
@ DC, natlist DEFERL I ED#EYRL TIEI?
0o EWIERRE, JVvRAKNTY4, BOELHIIZIT
— BEFEHROHBE

» Bl TORAERETDVRANEESR

EEEHE (2D 4) November 5, 2015 3 /57



BNSA—FICLD2RERDOHRIE

Inductive list (X:Type) : Type :=
| nil : list X
| cons : X -> 1list X -> list X.

o JANDERMARITR/NSA—4 X
o list TIRE T DEAEZERETDIYAMNDE

» 1ist nat |X nat Z2EZFR &5 A MY
» list bool |& bool ZEHRET S X NE

@ “list" B TIZEITIT AW EITEFE!
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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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BB HICL > TN ZE DS nil/cons

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

EWOBRD(ZEIH) ZHENAVA NS IS

o %#8M (polymorphic): (M) BLAZEDLZ] DE

o X ICEMFMAEZE5Z 2 &, ZNICINUCTENEL
5
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Inductive list (X:Type) : Type :=
| nil : list X
| cons : X -> 1list X -> list X.

EEEHE (2D 4) November 5, 2015 8 /57



ERID ) X NALEBEREIA S -

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.

o MERLAMKICAHNERLERE THRIL

o BlX &, TDHZEFRETSHUX M1 HEIH

o length T - list TEDY R MDRIEFE (&
Y2 NDERBABEEIND)
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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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length DAY

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

@ /N9 —2 cons h t CRHRERHBICERT HZ2LEIFAR
W (11 OEIAS5BERQROT)
e (snoc, rev T [A%R)
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Coq < Fixpoint app’ X 11 12 := (* ": ..." DR %)
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)).

o CDFWVWEDEWEWEEL DIZEA!
o Coq ICHERIEL D!
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Fixpoint length’ (X:Type) (1l:1list X) : nat :=
match 1 with

| nil => 0
| cons h t => S (length’ _ t)
end.

Check (cons _ 2 (cons _ 1 (nil .))).

o _(7VH—2R27) - TZZITBEHITAILANTL
I
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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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BIBES% O TIRAL{} THO EBROSIHICLS:

Fixpoint length’’ {X:Type} (1:1list X) : nat :=
match 1 with

| nil => 0
| cons h t => S (length’’ t)
end.

o BIFMUH L TREIHNERINTULS
o HHBIETIL Arguments TR, RBHIRIBLEH
D
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Inductive list’ {X:Type} : Type :=
| nil’ : list’

| cons’ : X -> list’ -> list’.
t?’%t list’ nat ENEIF R ARBDTNG.
EEREIRESECITHT, IYARNSI5EFRE

Arguments THEEMET 5.
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Definition mynil := nil. (% nil _ DT &! *)

o nil ~NDEB|HEHHL LD ETBH, ROFHNA
WDTITT—
—> [0SR
» eV bhNEEZXD
Definition mynil : list nat := nil.
- BREZEMET AL —F 0 =2fES

Definition mynil’ := @nil nat.
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Al gel

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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BICEAT 2 2MELLEZFEI X EHTARTE D!
Theorem nil_app :
forall X:Type, forall 1l:list X,

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

Qed.

e T—HICDVWTHD MEED~] &REHKIC intros %
FEw, BX A2RET

o REKDES (Type DEMR) HMEAIHHH > TLRL
DTYPIFEEN?
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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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% HEY ST R BEEL

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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% MR index FA

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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ZHEN—T 3 Y
nat ICFRS T, BIERYEDCEHNE UCEKALEL
ZENTES
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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nat -> (nat -> nat)
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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
JAK1HD test /BT ERDAHZHRT

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].

EEEHE (2D 4) November 5, 2015 41 / 57



EE2YE Sk

Scheme TWD & lambda DI &
@ Scheme: (lambda (x) =)

e Coqg: fun x => I

PLE.
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E&REH(HEO>V L TEI)
o BRENICETERICE, PIDIERET S (B
15211 3) EEA RN EDE LIELIE

o 5 (BJ)& I AT “onthe fly” TS, AEIDA
LN E B BEEX

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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=R A4S 07 (2): map

JAM1=1[x1; ...; xn] ORERICEAH f = EH
L2t D63 AMNIf x1; ...; f xn] 21RY

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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51

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
» TREN X, Y ICHEY
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=fEREE A4 07 (3): fold

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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51

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

Definition constfun’ (x TNTHREL *)
{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 = b.
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o f: BAR A= EHRIT & T 2B
o HAM Kk EfAISHADT—4 x L, #HLUWEE
flk — x] AT & S ICES:

flk — x] o g s.t. { 223

X

f(n) (if n # k)

Definition override {X: Type}
(f: nat->X) (k:nat) (x:X) : nat->X :=
fun (k’:nat) => if beq_nat k k’ then x
else f k’.
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Definition fmostlytrue :=
override (override ftrue 1 false) 3 false.

Example override_examplel
fmostlytrue 0 = true.
Example override_example?2 :
fmostlytrue 1 = false.
Example override_exampled :
fmostlytrue 2 = true.
Example override_example4 :
fmostlytrue 3 = false.
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o CDEHBETIL override ZRILFEWVWE T
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unfold¥ V74 7
(Definition ICL ) ERERAT 25 VT4 7

Theorem unfold_example : forall m n,
3+n=m->
plus3 n+ 1 =m+ 1.
Proof.
intros m n H.

(*x 3 +n & plus3 n EEH
Definition plus3 x :=
ICEYFLWY, (BB IEED *)

unfold plus3.
rewrite -> H.
reflexivity. Qed.
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Theorem override_eq :
forall {X:Type} x k (f:nat->X),
(override f k x) k = x.
Proof.
intros X x k f.
(* simpl. TId Definition (FEEAINARL *)
(* compute. RSREFAT B,
T—ILIE B IEPIEEEREE *)

unfold override.

rewrite <- beq_nat_refl.
reflexivity.
Qed.
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@ Exercise: poly_exercises (2), split (2), flat_map
(2) override_neq (2)

o MRE IJAA T Basics.v, Induction.v,
LlStS v, Poly vESU Zip 77 AN EF VT4V
RHY AT L%E L TRY

o LITZ X MEICHAEE:

- BE - EGICETRER, bhrUICKWERLEL
&, TOMTICAB I E. (TRICARL] EF X
TY9. )
Eﬁkﬂzrﬁaota\%@A@%%,mwé
Bt (web IR &) Z5EIC L BE, TORRIE
(URL7& E).
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