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ERE: BEAED XA NIAERT L
BRI 2 M ET R — LS SRR (TR ?)

Inductive boollist : Type :=
| bool _nil
| bool_cons (b : bool) (1 : boollist).

X T, boollist AR ERE &A%
@ O, natlist DIFERL I &ED#EYRL TIEI?
0o EWIERRE, JVvAKNTU4, BOLRILIT
— BFEZHOHAEL

» Bl TORAERETDVRANEESR

EHEEHRE (2D 4) November 6, 2018 6/1



BNSA—FICLDREROHRIE

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

o JURAMNDERBARIENTA—4 X
0 list TIREITDEZERETB A MNDE

» list nat (X nat Z2EXRET BV A ME
» 1ist bool |& bool #EXRET B! XA MNE

o “list" IXFBATIZEITIE AW EITEFE!

EHEEHRE (2D 4) November 6, 2018

7/1



YR NDEY A
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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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B HICL > TN ZE DS nil/cons

Coq < Check (cons nat).
cons nat
> nat => list nat -> list nat

Coq < Check (cons bool).
cons bool
: bool -> 1l2st bool -> list bool

TIlE, cons DEAETORT?
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ZHEANAVANS V5 EBOEFEL

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

cons ¥ TEEDE X [TDWT

X -> list X -> list X

EWDBRD(ZTEIH) ZHENAVA NS IS
o %1HM (polymorphic)- (MY BAZEHB] DE

o X ICEMHHLREZEZ 2L, TN U TEDLEL
S
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SN ER
list X D& DR, BNRSA—F THRIEINEE
E=ZHEHNEES & MR
Inductive list (X:Type) : Type :=
| nil
| cons (x : X) (1 : 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 DA VA NSV Y DAFNIIEZAF L)
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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 MERLAKICEABMERLERETHRIL
o B - AVAMNT VI %fED & I BHICIRERBIFR
% fitha
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repeat D& A
ZHAVANS VY EEE, BEIBZ52%

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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repeat DY

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

ERDERMDL, TDOVAM2ENEZE%RLT
W5
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WA ADL 5D HEE

Coq < Fixpoint repeat' X x count : list X :=
match count with

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

BBREID repeat & [F UE

Coq < Check repeat'.
repeat’
: forall X : Type, X -> nat -> list X
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SHEEMICOE T RBIROEE

Fixpoint repeat’ X x count : list X :=
match count with

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

Check (cons nat 1 (nil nat)).

o ZDFWVWLLEWVWEWVLWEEL DL EAN
o Coq ICHERRIHEL D!
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Fixpoint repeat’’ X x count : list X :=

match count with

| 0 =>nil X

| S count’ => cons _ x (repeat’’
end.

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

_ X count’)

o _(7rH—2R27) - TZZITBEHITAIANTL

I
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7 —RAT7ITO>OmEE---

BB DIEEL or 2 TEHET7 VY —ROT %é%?%
T=bDHFE LW

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

o LI, NS A—=H9 X3 TEETEL, EWIEE
@ nil ¥ nil _ D, cons I cons _ D &I B

Definition 1ist123’’ :=
cons 1 (cons 2 (cons 3 nil)).
Check (length 1ist1237’’).
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&5 DEERE
BIBEEE O TR THE SHROBIMITRS,

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

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

o BIFIFUW L TREIHEN’ERINTWS (BB LA
L EWFZRW)

o HARETIE Arguments TR, RBERLIBEH
ZfED
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AR BEROR/NS XA -5 DAL

Inductive list’ {X:Type} : Type :=
| nil’
| cons’ (x : X) (1 : list’).

EFBE, list’ nat EMNEITRLLABZDTNG.
= BERMCREERTIOLY, AVA NS5 TRE
Arguments THEEME T 5.
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T Dt D % HBIE

Fixpoint app {X :

match 11 with
| nil =>
| cons h t =>
end.

Fixpoint rev {X:

match 1 with

| nil =>
| cons h t =>
end.

Type} (11 12 :
(1ist X)

12
cons h (app t 12)

Type} (1:1list X)

nil

app (rev t) (cons h nil)

list X)

: list X :

o
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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 _ DI &! *) |

o nil NDEB|H AWML L& T B, ROFHNA
WDTITZ—
—> [OJEE5R
- EVhE5ZX%
Definition mynil : list nat := nil.
» BRMEZ2EWELT AR —Y 0 Z2fED

Definition mynil’ := @nil nat.
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(@2 &) EIERIEDESR
ZHEMY A NDIGE, BROBIELH->TIEILHT
Al ge!

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 1ist123’’°’ := [1; 2; 3].

EHEEHRE (2D 4) November 6, 2018

28/1



o ZHHM
»yﬁmUZF
SIAMR TS & SENERE
*ﬂﬁm@m & BB M OHER
*ﬂﬁﬁ@?%%?
SHEM Y 2 N ICEIY B EEPR
»ymm«;

- LA T a VR
F—4% & L TORE

EHEEHRE (20 4) November 6, 2018

20/1



%48 2 MCEYT B HE
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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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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~] &REHKIC intros %
fFW, BX ZRET S

o BEKDES (Type DEFR) NMEAIH L > TWLRL
DTPYPPRIFLEWN?
s X ICDWTDIZEDLITENMNEITEFEHEA

EHEEHRE (2D 4) November 6, 2018 31/1



Poly.v

o %M

» ZHEBY X b

- ZHEHBENRT

» LA T a VB
o T—4 & L THOREH

EHEEHRE (20 4) November 6, 2018 32/1



ZEBNRT
B—ER BIERITNTNOEEZXRY, SADDH
INTGAX—4
Inductive prod (X Y : Type) : Type :=
pair (x : X) (y : Y).

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

o BIRFCDIEMIMER X * Y (MMFETIEARL)
o (, ) &*xDEWIER
» (1, true) : nat * bool

EHEEHRE (2D 4) November 6, 2018 33/1



ZHHE IR BE 2L

Definition fst {X Y : Type} (p : X * Y) : X :
match p with (x,y) => x end.
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473 B

Inductive option (X:Type) : Type :=
| Some (x : X)
| None.

Arguments Some {X} _
Arguments None {X}.
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% 1HHY nth B

Fixpoint nth_error {X : Type} (1 : list X)
(n : nat) : option X :=
match 1 with
| [ => None
| a :: 17 => if n =7 0 then Some a
else nth_error (pred n) 1’
end.

Example test_indexl

nth_error 0 [4;5;6;7] = Some 4.
Example test_index3 :

nth_error 2 [true] = None.
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e Coq Tl&, fDEENELFEFE (OCaml, Haskell, Scheme,
) EREER, BEEUE TADI0D] 7—49&LT
» BlEE L THEDBEBEUTEL 2 Y
» BAEORYEELTRLEY
» TABEEICANY,
EVWDEDIHERS

o —[ZEDREH: (BAHTRW)T—IDNSLT—9~D
R

o TEDEAE: —MEDEAMZEIEE T HEK

o =[EDEAE: ZREDEAMZEIEE T 2EK
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BAMLORM £ & n 2%ITH-T, £ Z=0OEAL
TofER % R
Definition doit3times_nat
(f:nat->nat) (n:nat) : nat :=
f (f (£ n)).

Example test_doit3times_nat:
doit3times_nat minustwo 9 = 3.
Proof. reflexivity. Qed.
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Z/IN—T 3

nat ICBRS Y, BIEERYIEDERNE CEHESRE L
ZEHNTES

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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SFEE A4 O (1) filter
JAK1HD test /BT ERDAHZHRT

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

LLE.
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E&EH(E 2P LTEID)

o BfEREEUCE TREARICIK, HDIDITEHREZT S (H
A& DI 2)MEARVEDE LIFLIE

o 5 (BJ)& I AT “onthe fly” TS, AEIDA
WE &R

Example test_filter2’:
filter (fun 1 => (length 1) =7 1)
[ [1; 2]1; (31; [4]; [5;6;71; [1; [8]]
= [ [3]; [4]; [8] ].
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Coq < Check (fun x y => x + y + 1).
fun ¢y : nat => x +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 = + 1
: bool -> nat -> nat
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=R A4S 07 (2): map

JRAM1=1[x1; ...; xn] OBERICEAE £ =@EH
L2t D63 ANIIf x1; ...; £ xn] 21RT

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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51

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 - RYEDEILE->THLW
s TREN X, Y ICHEY
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EEEEAH 4 07 (3): fold

Fixpoint fold {X Y:Type}
(f: X->Y->Y) (1:1ist X) (b:Y) : Y :=
match 1 with
| [1 =>b
| h :: t = f h (fold £ t b)
end.

EzZohnk1 0
@ nil I b T
@ cons I& f CEZXH#Z S

» | cons ht=>fh (fold ftb) OAINEZ
BZTWBRELNTS?
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Example fold_exampleO :
fold plus (1 :: 2 :: 3 :: 4 :: nil) O
=1+ 2+ @+ &+ 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];[];[2;3]1;0411 0O = [1;2;3;4].
e [1] ++ [1 ++ [2;3] ++ [4] ++ [] %)

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

Definition constfun’ (* CNTERL *)
{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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=B 43 A
—BIEEDE nat -> nat -> nat DAY DFEHH:

nat -> (nat -> nat)

o > IF(RT7ED*x DLOIR)BEDTIHERT (B
#4)

@ nat Z V& D%IFTE S & nat -> nat DB (<)
%R 9B

o BIEUIAITEDREBFICHE AR 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, BEERIERE *
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)

o FRENEEAINT Poly.v % origin/master IC push
o LRI MIC TERREA] &V D BRIDHH issue % 1E

A U LAF % BAGE:

- EBE - RBICEYT2EM, bhVICKWERLE
&, TOMKUTARZ I E. ((THFICRLL S X
TY9. )

» REICBZTEL 25, TDADERL, HOE
Kl (web 2 &) #SEICLIZIGE, TOBERE
(URL %2 &).
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