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ELZRTENICL ZEBEDES (1)

Coq < Definition even(n:nat) : Prop :=
evenb n = true.
even 1s defined

Coq < Check even.
even
: mat -> Prop

Theorem two_is_even : even 2.
Proof.

unfold even. reflexivity.
Qed.
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irRE 2R T REIC L SEHMEDESRE (2)

Coq < Definition even'(n:nat) : Prop :=
exists k, n = double k.
even' 1s defined

Theorem two_is_even : even’ 2.
Proof.

exact 1. reflexivity.
Qed.

INLDHETIRBBE L THRASEARNLEE (R
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Coq T DIFHIRIINEE D EFH

Inductive ev : nat -> Prop :=
| ev_0 : ev O
| ev_SS : forall n:nat, evn -> ev (S (S n)).

o LW (BARM ZEIHET 5)MmE ev DESH
» nat -> Prop ... BAICE T % hEE
o AVANS V4 = BARRDEAR]
s HIEEDEREBOLDICHERS
o IVAMNZVHDE = HRAIODAR
» forall n:nat ... fRAID/INS XA —%
> —> .. FRBIDAIR & §55R D E DK FEAR
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S F TOD Inductive EFR & DIEL

Inductive ev : nat -> Prop :=
| ev_0 : ev O
| ev_SS : forall n:nat, evn -> ev (S (S n)).

e nat M5 Prop NDEBDIFMHER
0 NI A—FIZHZFNDVWTELT, Eo/BIHITHE
FAINTWS (ev n, ev 0 72 &)
» list H Type D5 Type ~NDEAHIEZ 7=, BIC
list X TEHLhTWE
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BE S TCERDIET

Coq < Inductive wrong_ev (n : nat) : Prop :=
| wrong_ev_0 : wrong_ev O
| wrong_ev_SS : forall m, wrong_ev m -> wrong_ev (S
Toplevel input, characters 0-124:
> Inductive wrong_ev (n : mat) : Prop :=
> | wrong_ev_0 : wrong_ev O
> | wrong_ev_SS : forall m, wrong_ev m -> wrong_ev (S (}
Error: Last occurrence of "wrong_ev" must have
"n" as 1st argument in "wrong_ev 0".
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Bl T4IFEHTH S |

Coq < Check ev_0.
ev_0
> ev 0

Coq < Check (ev_SS 0).
ev_SS 0
cev 0 -> ev 2

Coq < Check (ev_SS 0 ev_0).
ev_SS 0 ev_0
Dev 2

Coq < Check (ev_SS 2 (ev_SS 0 ev_0)).
ev_SS 2 (ev_SS 0 ev_0)

Dev 4
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Bl T4IFEHTH S |

Theorem four_is_even : ev 4.
Proof.

apply ev_SS. apply ev_SS. apply ev_O.
(* Or: apply (ev_SS 2 (ev_SS 0 ev_0)). *)
Qed.
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BHICDODWTODIHBEST

Theorem ev_minus2: forall n,

ev n -> ev (pred (pred n)).
Proof.

intros n E.

inversion E as [| n’ E’].

- (x E = ev_0 x) simpl. apply ev_O.

- (x E = ev_SS n’ E’ %) simpl. apply E’.
Qed.

CDEFBRICDWTIE, destruct THE I F L WKL,
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destruct &Kk T B & H

Theorem evSS_ev : forall n,
ev (8 (S n)) -> ev n.
Proof.
intros n E.
destruct E as [| n’].
(x The goal is still "ev n" *)

W

— RIS, IREIEHD (FISRE D3I HMHRMLRD)

%E, inversion D ANEL T,
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inversion 72 & 9 £ < W<
- LDE, HY ZARWGEEEERYRWT N B!

Theorem SSev__even : forall n,
ev (S (S n)) -> ev n.
Proof.
intros n E.
inversion E as [| n’ E’].
(x E = ev_0 RbDIFHARL )
(* E = ev_SS n’ E’ *)
apply E’.
Qed.
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EEDBRENIZDWVWT ev (S(S n)) &5

I ev n
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@ ev_0 DIFE: HY AR\,

e ev_SS DIFE: BHOAIRIE ev n DL T 2D TRE
7%?75“8_?1'1'5.
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£ 90 EDDH

Theorem one_not_even : ~ ev 1.
Proof.
intros H. inversion H. Qed.
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EHICXW T D inversion

MHRT H: I (I IRBHMNICEZINME) &T 56,

inversion H (&:
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XD BHEOEFDRIEN

Lemma ev_even_firsttry : forall n,
ev n —-> exists k, n = double k.
Proof.
intros n E. inversion E as [| n’ E’].
- (x E = ev_0 *) exists 0. reflexivity.

- (x E =ev_SS n’ E’ x) simpl.
(* n’ : nat
E’> : ev n’

exists k : nat, S (S n’) = double k *)

o CHOBRFETDO2FEF-TLES
e N, ev n’ ITEH!
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£ L, ev n’ 55 Ik, n’ = double k HNEIBAT X /= &
Lo, 2F<CWL:
assert (I : (exists k’, n’ = double k’) —>
(exists k, S (S n’) = double k)).
{ intros [k’ Hk’]. rewrite Hk’.
exists (S k’). reflexivity. }

apply I.
(* reduce the original goal to the new one *)

v

o ZOKMR, EIMNTRAELI A7
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BEUCEET B JFiNiE
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E 7in /ﬁ%}_\l L‘—
ev DFRERRAL

levm r+= P[O]
I',n:nat,H : ev[n],IH : P[n] - P[S(Sn)]

M= P[m]

(Ev-E)
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JEINEE(E D

Lemma ev_even : forall n,
ev n —> exists k, n = double k.
Proof.
intros n E.
induction E as [|n’ E’ IH].
- (x E = ev_0 %) exists 0. reflexivity.
- (*x E=ev_SSn’” E’
with IH : exists k’, n’ = double k’ x*)
destruct IH as [k’ Hk’].
rewrite Hk’. exists (S k’). reflexivity.

Qed. |
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induction E > C?

e E:evin&\WdZEI,
» E=ev._. 02D n=0
» E=ev_8Sn' E' D n= 5(5n") D

E':evn (0FY n LB
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AAREER &

EIE: BAY n MERARLIE, B kIZDW

T n= double k TH 5.

SFER: ev n DEH T 2 IRIE. HRHROREICTOW
=Y o

@ ev. ODIFZE. ZOEN=0. k=0 &dThnIELL.

e ev_SS DIFHE, TDEHB n’ IZDWVWT
n=S(Sn)MDev n TH?. BIEDIREL
Y, 5 k' [ICDWT n’ = double k' TH 5.
double (S k') = S(S(double k')) = S(S n’) = n
ERBDT, k=S(K) EThiEL . (GEEHK)
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FEfk TLAT] DIRHINESR

Inductive le : nat -> nat -> Prop :=
| le_n : forall n, lenn
| le_.S : forall nm, (le nm) -> (le n (S m))

Notation "m <= n" := (le m n).
B HRAY:
n<n (LE-N)
<
g (LE_S)
n<Sm
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(LAY ICB89 BEERR

HEAEXBICIE ev EE L
o I—IICHBRHIAVARNT YV H % apply
o XARICH B72 5 inversion

Theorem test_lel : 3 <= 3.
Proof. apply le_n. Qed.

Theorem test_le2 : 3 <= 6.
Proof.

apply le_S. apply le_S.

apply le_S. apply le_n. Qed.
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Theorem test_1le3 : (2 <=1) -> 2 + 2 = 5,
Proof.

intros H.

inversion H. inversion H2. Qed.
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(Rl DES

Definition 1t (n m:nat) := le (S n) m.
Notation "m < n" := (1t m n).

o le 2L T ICEREBMNALERELZSHELLL?
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FIT77Ry NEE T LOERIKRREEZKRTE
reg_exp T:

Inductive reg_exp (T : Type) : Type :=

| EmptySet : reg_exp T

| EmptyStr : reg_exp T

| Char : T -> reg_exp T

| App : reg_exp T -> reg_exp T -> reg_exp T

| Union : reg_exp T -> reg_exp T -> reg_exp T
| Star : reg_exp T -> reg_exp T.

BE T IIBRES

TIXZDFHIRIIRIEINTLAW
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XFHDT Y F
s="re " [XFF s:list T hre:regexp T IC
NYFIB]

— (MEMPTY)
[1="¢
MC
[x] = Char x (MCHAR)
s1 =" re Sy =" re
! ! 2 2 (MAPP)

S1 ++ s2 =" App re; re;
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s1 =" rep

—— (MUNIONL)

S1 =7 Union rep rep

Sy =" rey

— (MUNIONR)

Sp =7 Union rej rex
[ = Star re (MSTARO)

s1 =" re Sp =7 Star re

(MSTARAPP)

s1 ++ sp =7 Star re
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IR ERREIC & B E

Inductive exp_match T :
list T -> reg_exp T -> Prop :=

| MEmpty : exp_match [] EmptyStr
| MChar : forall x, exp_match [x] (Char x)
| MApp : forall sl rel s2 re2,

exp_match sl rel >

exp_match s2 re2 ->

exp_match (sl ++ s2) (App rel re2)
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| MUnionL : forall sl rel re2,
exp_match sl rel —>
exp_match s1 (Union rel re2)
| MUnionR : forall rel s2 re2,
exp_match s2 re2 ->
exp_match s2 (Union rel re2)
| MStarO : forall re, exp_match [] (Star re)
| MStarApp : forall sl s2 re,
exp_match sl re ->
exp_match s2 (Star re) ->
exp_match (sl ++ s2) (Star re).
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@ EmptySet IC DWW T DAL 7L
@ Union, Star ICDWTORAIAINT=DF D
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< v FDEKH

Example reg_exp_exl :
[1] =~ Char 1.
Proof.
apply MChar.
Qed.

Example reg_exp_ex2 :

[1; 2] =~ App (Char 1) (Char 2).
Proof.

apply (MApp [1] _ [2]).

- apply MChar.

- apply MChar.
Qed.
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Lemma MStarl : forall T s (re
s =7 re -> s =" Star re.

Lemma empty_is_empty : forall T (s

~ (s =" EmptySet).

Lemma MUnion’

forall T (s : list T) (rel re2
s =" rel \/ s =7 re2 >
s =" Union rel re2.

: reg_exp T),

: list T),

: reg_exp T),
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1B reflection
REP &b = true EDREHEMDNKILT B0, b iE P
ERBLTWS, EWD
. nat, J

Theorem beq_nat_true_iff : forall nm :
beq_nat n m = true <-> n = m.

LUIFD& D7, beqnat Z > /o EEDFERICKIID

Theorem filter_not_empty_In : forall n 1,
filter (beq_nat n) 1 <> [] ->
Inn 1.
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— %1k AhEE reflect

Inductive reflect (P : Prop) : bool -> Prop :
| ReflectT : P -> reflect P true
| ReflectF : ~ P -> reflect P false.

bh P AERMYSZZEE reflect P b lEE1E

Theorem iff_reflect : forall P b,
(P <-> b = true) -> reflect P b.
Theorem reflect_iff : forall P b,
reflect P b -> (P <-> b = true).
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EWDIDIFT, UTFDADDEERBIIALZ &.

Theorem beq_nat_true_iff : forall n m : nat,
beq_nat n m = true <-> n = m.

Theorem beq_natP : forall n m : nat,
reflect (n = m) (beq_nat n m).
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P EEER

Theorem filter_not_empty_In : forall n 1,
filter (beq_nat n) 1 <> [] -> In n 1.
Proof.
intros n 1. induction 1 as [|m 1’ IH1’].
- (x1=11 %
simpl. intros H. apply H. reflexivity.
- (*x1=m:: 1 %)
simpl. destruct (beq_natP n m) as [H | H].
+ (kx n =m %)
intros _. rewrite H. left. reflexivity.
+ (xn <> m %)
intros H’. right. apply IH1’. apply H’.
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reflection D ZF 2%

o DLEIAN T - EVYT 3B

o RERATBERMMBEICDWTIEITE B LT reflect Z2{ED
£OILTBE, BAERTIAIIMRY T oEYT
2ZENHLNTWS

@ Coq 71 75 ") SSReflect THEINTWBEIAR
Y4

» POEREREIL SSReflect CREFAI N/
o HBEDHEIE (AFBXHTIHERWVWEEA) TlEN Y
S
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BEE: | FET10:30 FEY)

@ Exercise: ev_double (1), inversion_practice (1),
ev_sum (2), le_exercises (3) M le_trans,
O_le_n, le_plus_1, leb_iff (2)

o BREZEZIAALK IndProp.v ETDI7 74 )L 7%
TZFBTEA VA VIREY AT L% B L TR

o LLFZd XY MEICHAE:

- BE - RBICEY2ER, hHYICKWERLE
Z&, TOMKUTAB I E. ((THFIZALL EF X
TY9. )

» REIKBATEL27b. TOADEE, HOE
¥l (web %2 &) #SEICLIIGE, TOBERE
(URL 7% &).
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