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Mz IR AN EFE > L BHIEDESR

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

Coq < Check even.
even
: nat -> Prop

Theorem two_is_even : even 2.
Proof.

unfold even. reflexivity.
Qed.

(ZOFETIEMEE L TEZASIEFRNLERITEA
TUWL, )
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BEE MBEE] DIFWETE
EOEBEEES & [BEORMNER KB

B n BMBEITH S (evn EEL) &lE, LUTOMR
AN SIRMNICERZERINS.
e ev0 ThH5
o EFEDBEAE nICDWVWT, evnbid
ev (S (S n)) TH3
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E /\\\/ %/}lb?% cj- Lji\
FTLWEREFPE ev n

N~ n:nat

~ev n:Prop
o EARA:

Nlev O
F=ev n

N=ev (8 (8 m)
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Coq TOIRMNBNIREEDEFH

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

o LW (BAMZEIHET 5)MmE ev DESH
» nat -> Prop = BAICE T HihFE
o AVANS V4 = BARBDAR]
» HIEDETEEDLDICHERS
o JVANMNZVHDE = HRAIDOAR
» forall n:nat = FRAID/NS A —%
» —> = FRAIDATR & #&3m D E D KFEHR
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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 T4lXBEEHTH S )

Theorem four_is_even : even 4.
Proof.

apply ev_SS. apply ev_SS. apply ev_O.
Qed.

Print four_is_even.

o four_is_even (DHH) % even 4 DFIAF TP x
J K (BRETIE evidence &B) EWD
» even 4 BIDIE, WO THLW
» even 4 DEHKICHIK
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51

Theorem double_even : forall n:nat,
even (double n).
Proof.

Qed.
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BEUCEET B JFiNiE

P(n) ZBAH n OMEEICOWTTHRR MBS T3

BEUCEET % ImiiE DRI

EEDEH n oD WT P(n)] LT &R

e P(0) D

o EEMDMBH n' IKOWT P(n') 251 P(S(S n')) |

o NeDDHFED T IZBEHIEDE
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BANEERTES &

N-ev m r= P[O]
I,n: nat,IH : P[n] = P[S(Sn)]

(Ev-E)

M= P[m]
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siEBR D
evenb F% (Basics.v Z8R) ICDWTOMHE

EIE: BA n NMBEFLSIL, evenb n IE

true ZiIRY

EERR: BEUCEE T 2 IRINIE.

o n=0 DFE. evenb 0 (FEA ST true &R T

e n=S(S n') ™D n HBEHERDZE.
evenb (S(S n’)) ZEHRICKWVWEET 5 &,
evenbn’ EFELW. —7F, BWEDRELY n’ I
DWTld evenb n’ B true 2#1R$ DT, evenb n
H true 2iR7.
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Coq TD:LEHA

Definition even (n:nat) : Prop :=
evenb n = true.

Theorem ev__even : forall n, ev n -> even n.
Proof.
intros n E. induction E as [| n’ E’].
- (x E = ev_0 *).
unfold even. reflexivity.
- (x E =ev_SS n’ E’ %)

unfold even. simpl. apply IHE’.
Qed.
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induction E > C?

e E:evin&\WdZEI,
» E=ev_ 0 D> n=0
» E=ev.SSn E'DDE :evn (DFY n

BE)

DWT D,

o E I (BTN LABRWVWEHRART)H2ED!) X MEE
=L TW3!

—> induction E (& A MICET B IRIED L D it

£ D!

o MBHMMOBEHICET BITHE] EHWVWD
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A CEERHDRIDEZEE T

EIF: BAE n MBS IE, evenb n &

true ZiIRY

EEAA: ev n DEHICET 2 I1RME. XEBDHRAIZDW
maEa.

@ ev_0 MIFE. CDBF n=0. evenb 0 (ZBH 5 HIC
true Z=iIRY

@ ev_SS DIFE, TDEHD n’ ITDWT
n=S(Sn)BDevn THS. evenb (S(S n’))
EEFRICKWESIET S E, evenbn’ EFLW. —
7, BWEDIRELY n’ IZDWTIE evenb n’ B
true ZIR I DT, evenb n ¥ true #iRY. (GE
Eﬂﬂ‘ﬂ)

Do 5, G 46 6




“— true” vs. Inductive IC & BAPRBEER

Q: evenb BHBDIT, Bt ev EEHRT DD ?

Al: BEUCET 2 I1FMENER S

A2: —RRB9IC, TOOM] D (AL 2) ERENEITT
£, @AHD TOOM] ZEiThZ2HET 2EAHN
(&I EIT 2 & ERL AW
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Prop.v
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[ZE LW ] BAE rusmiasicny)

EE: [ELV] BRI

BAE nHELWVEE, n=0,3,5 DVTNHTHS
D, HOELWVWEARBOHTRINEIEAZ WD,
WRRAICE D TELX] DES:

: : (BO)

0 is beautiful
: : (B3)

3 is beautiful
: : (B5)

5 is beautiful

n is beautiful m is beautiful

(BSuM)

n 4+ m is beautiful
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8 IFELWV] TEDEH

ZD1:
: _ 3 . —— BS
3 is beautiful ©°° 5 is beautiful
8 is beautiful BEUM

ZD2:

B5 0 is beautiful B0 3 is beautiful ESUM
5 is beautiful 3 is beautiful BSUM

8 is beautiful
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Coq TD IELT] DESE
JREE beautiful n T “nis beautiful” Z3X7.

Inductive beautiful : nat -> Prop :=

b_0 : beautiful O
| b_3 : beautiful 3
| b_5 : beautiful 5

| b_sum : forall n m,
beautiful n -> beautiful m -> beautiful (n+m).
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Coqg TD [EL X1 DIERA

Theorem three_is_beautiful: beautiful 3.
Proof.

apply b_3. (x FAl B3 ICL D *)
Qed.

Theorem eight_is_beautiful: beautiful 8.
Proof.

apply b_sum with (n:=3) (m:=5).
(x #28) BSUM D n,m =Bk %)
apply b_3.
apply b_5.
Qed.
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Theorem beautiful_plus_eight: forall n,
beautiful n -> beautiful (8+n).
Proof.

intros n B.
apply b_sum with (n:=8) (m:=n).
apply eight_is_beautiful.
apply B.
Qed.

EEEHE (ZD 7) December 22, 2015 23 / 50



SEBAA 7 2 U MY 2 IRE

@ Inductive ICL BEIES
—>ZDEDT—4ICET 2 EME
» EEOBEARE n ICDWT-+-| DI

@ Inductive ICL D EES
—>ZDMEDIRICE T % IBMiE
» [beautiful n 25 IE---] DEERA
» [{EEDbeautiful n DIFFAA TV M E IC

DWT--] DA
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(nIFELWEITHS] ODEH
beautiful n DFERAA T TV~ EIZDWT, LR
DVWTNDDWZ S:

e E=b 0D n=0
e E=b3Dn=3
e E=b 5D n=5
@ E=b_sum nl n2 E1 E2 »D

» n = nl+n2 D

» E1 |¥ beautiful nl @ (E & Y/NEW)EEERA 7
Uk B,

» E2 |¥ beautiful n2 @ (E & Y/NEW)EEERA 7
7 70
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beautiful n DEHICET BIFMNE, FLIFEL WK

ICBA Y B IR

[MEED beautiful n 2% n ICDWT P(n)l 2FVY
MEER®D n ICDWT beautiful n 5  P(n)l &L

TIZEE

e P(0) ™D

e P(3) ™D

e P(5) ™D

o EE® nl,n2 ICDWT P(nl) »D P(n2) 25X
P(nl + n2)

BHOFICET 2580 & DX
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BAEERTEL &

I - beautiful e
r+= P[O] I+ P[3] = P[5]
I,m: nat, n: nat,
IHb1 : P[m], IHb2 : P[n] + P[m + n]
N+ Ple]

(BEAUTIFUL-E)
E el =

r+= P[O] I+~ P[3] = P[5]
I,m: nat, n: nat,
IHbl : P[m], IHb2 : P[n] -+ P[m + n]
N+ Vk : nat,beautiful k -> P[k]
(BEAUTIFUL-E")
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BA (1

Inductive gorgeous : nat -> Prop :=

g_0 : gorgeous O
| g_plus3 :

forall n, gorgeous n -> gorgeous (3+n)
| g_plusb :

forall n, gorgeous n -> gorgeous (5+n).

BESMMC(?), T—Y v RAIEELIERAE
— FEBAL TH &L D!
o ZODHIICT
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TI—Y v AHDEH

gorgeous n MEH E (ZDWT, UTFTOWTFhhhrn

A5

e E=g 0b52n=0

@ E=gplus3nl E1 D> n=3+nl ®DOEL L
gorgeous nl D (E LY /NI W) EH

@ E=g plusbnl E1 2> n=54nl1 D E1 (&
gorgeous nl M (E LY /NI W)EH
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J—2 % AU DV T DIFIRE
gorgeous n DEBHICET 3 I1FME, FLEI-—YvR
IREUCRET % ImiE
[ERED gorgeous n %4% n ICDWT P(n)] D&Y
[MER®D n IZDWT gorgeous n 25 P(n)l &LA
TIEE
e P(0) ™D
o EFE® nl IZDWT P(nl) &5 IE P(3 + nl)
o EFE® nl ICDWT P(nl) & lE P(5 + nl)
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BANEERTES &

' - gorgeous e r+= P[O]
I',n: nat,IHg : P[n] - P[3 + n]
I',n: nat,IHg : P[n] -~ P[5 + n]

N+ Ple]

(GORGEOUS-E)

T,
N P[O]
I',n: nat,IHg : P[n] - P[3 + n]
I',n: nat,IHg : P[n] - P[5 + n]
I Vk : nat,beautiful k -> P[k]
(GORGEOUS-E)
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O—2 v ARBARBUIEL W

Theorem gorgeous__beautiful : forall n,
gorgeous n —-> beautiful n.
Proof.
intros n E.
induction E as [| n’ | n’ ].
(x SHICET 2IFME! »)
- (x g_0 *x) apply b_0.
- (x g_plus3 *)
apply b_sum. apply b_3. apply IHgorgeous.
- (x g_plusb *)
apply b_sum. apply b_5. apply IHgorgeous.
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EZLWVWEABIET—Y v R

Theorem gorgeous_sum : forall n m,
gorgeous n -> gorgeous m -> gorgeous (n + m).

Theorem beautiful__gorgeous : forall n,
beautiful n -> gorgeous n.
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Prop.v
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EERAA 7 0 MITDUWTD inversion
BEMEDEH % i o /- H#aR:

o J&#N’E (induction)

o BH% [#2% ] (inversion)

BIRE:

Theorem ev_minus2: forall n,
ev n -> ev (pred (pred n)).

Theorem SSev_ev : forall n,
ev (S (S n)) -> ev n.
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n=0¢& n 2L EDEBEHDIGETHEDT

Theorem ev_minus2: forall n,
ev n —> ev (pred (pred n)).
Proof.
intros n E.
inversion E as [| n’ E’].
- (* E = ev_0 *) simpl. apply ev_O.
- (*x E=ev_S8S n’ E’ x) simpl. apply E’.

Qed.
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destruct 7&K T 5

Theorem SSev_ev_firsttry : forall n,
ev (S (S n)) -> ev n.
Proof.
intros n E.
inversion E as [| n’].
(* The goal is still "ev n" *)
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inversion 72 & 9 £ < W<
LHE, HYZRBRWEEZERYERWTS N3B!

Theorem SSev__even : forall n,
ev (S (S n)) -> ev n.
Proof.
intros n E.
inversion E as [| n’ E’].
(x E = ev_0 RDIFHZRL )
(* E = ev_SS n’ E’ %)
apply E’.
Qed.
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EROBEARBUICDOWVT ev (S(S n)) 25K

ev n

(:ERR) ev (S(S n)) DERICDOWTIHER T

@ ev_0 DIFH: HY AR\,

@ ev_SS DiFH: BHODAIIRIZ ev n DITT D TE
= b‘T‘li’é.

(FERR#Z)
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EHICXW T D inversion

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

inversion H (&:

o AVANMZ V4 (BHMRA) BICHEDI
» ev_0, ev_SS DIFE

o BIFBETORIIRSE M
> o SCAR IS BN

* ev_SS DIFE DR ev n HHENN
s o HAFELTWBBRFIBEAZOEDDORE

* ev_0 DBE (S (S n) = 0FHY AW

HE—RICITD
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Prop.v

IFMRICER I NS ME

o BEUME L BEUCET %1%

o FELW] HEMBAATI Y MIDWTOIRIME
@ SfFAA 7 VU MIDUWT D inversion

o TDdAI

o (JRIMMICERZINDS) AR
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) A NI %3S
ev st I: TIIXBER)VANTH S

Inductive ev_list {X:Type} : list X -> Prop :=
| el_nil : ev_list []
| el_cc : forall x y 1,
ev_list 1 -> ev_list (x :: y :: 1).

o Z)XAKMNIBHBRIVAKNTHS
o | MBERVAMNELIE xy = [ IXBHEY X b
TH?
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BHERYZAMNDORIZEHTH D

Lemma ev_list__ev_length:
forall X (1 : list X),
ev_list 1 -> ev (length 1).
Proof.
intros X 1 H. induction H.
- (x el_nil x)
simpl. apply ev_O.
- (*x el_cc *)

simpl. apply ev_SS. apply IHev_list.

Qed.
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Prop.v

IRINBICER I NS MR

o BEUME L BEUCET % IEHE

o [ELW| HEBAA T Y MIOWVWTDRIKE
@ SEBAA 7 U MIZTDWT D inversion

o TDDA

o (IFMHICERIND) KR
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forE & L CORER
o —BIMOBE (—BIHLE) 60 OHEERT

> beautiful even 12 &

o TRIMOBE (ZHHRE): [0 & 6D @
BRERT

»eq
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FEfR LT DOIFHIE R

Inductive le : nat -> nat -> Prop :=
| le.n : forall n, lenn
| le_S : forall nm, (lenm) -> (len (S m)

Notation "m <= n" := (le m n).
SRR
n<n (LE-N)
(LE-S)
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(LA (SRS %EERA
EARBICIE ev, beautiful REEEU:

o I—IVICHBEHIAVRANT Y H % apply
o XRICH B785 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_le3 : (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 ZELTICEEFMHNLREREZIHELLL?
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BEE: | FET10:30 FEY)

@ Exercise: b_times2 (2), gorgeous_plusi3 (1),
gorgeous_sum (2), ev_sum (2),
inversion_practice (1)

o MREZEZAAL Prop.v ETODI7 74 IV a2T%
FDTEFVITAVIRHY AT L% U TRRE

o LLFZd XY MEICHAE:

- EECORBICEYT2ERM, bMUICKWERLE
Z&, TOMKUTARBZ &, (( THICALD 1FF X
T9Y. )

» REIKBATEL27b. TOADEE, HOE
¥l (web %2 &) #SEICLIIGE, TOBERE
(URL7& E).
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