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M7 714IDESE - EIEDFEAIAH

From LF Require Export Basics.

o LF &WD [ERIET + LY | H5 Basics DEHE%
AL
» _CogProject EWD 7 74JVT, LFDAT7 74
VATLEDEIMEELTWS
@ Basics.v % [J /X1 JL] L7z Basics.vo BN E
FIEEBERIND S LWL (REHG~)
» Induction.v BEEDHAHFA T LIV
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Induction.v

o HEFEMIFMIEIC L HEEFA (induction ¥ 7714 7)
o FEBAHR DAL (assert ¥ 7714V 7)

o FZRBIEIEER & FEF, A BIEERA
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Induction.v

o WEMIFMNEIC & DEEAA (induction ¥ 7T 1w 7)
o FEBAHR DAL (assert ¥ 7714V 7)

o FZRBIEIEER & FEF, A BIEERA
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JE iR I & D EEBA

EE: 0 B LEDOAREATT
Theorem add_O_r_firsttry : forall n:nat,
n=n+0. |
5t & © &L AA
Proof.
intros n. reflexivity. (x TZ7—! %)
ANEZI > TVWBDMN?
Proof.
intros n. simpl. (x BEDEFHEINEL %)
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[Z2OWOBIGEEDIFE>7-L? ]

XeHLVEaE D6k
Proof.
intros n. destruct n as [| n’].
- (xn =0 %)
reflexivity. (* so far so good... *)
- (kn=Sn’ %)
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[ WO BFIIIGED T o/laL? ]

XX DAL
Proof.
intros n. destruct n as [| n’].
- (xn =0 %)
reflexivity. (* so far so good... *)
- (xn=38n’ %)
simpl. (* XLEULLD@T—ILD - orz *)

o IFEADITEHE WL LIRITTHF A
en&Y1/NMhEWn ITDWT add_0_r Y II-> T
\,\n‘i‘...

A+EZE (FEKRE) EHEHRE (20 2) October 10, 2023 6/26




[ WO BFIIIGED T o/laL? ]

XX DAL
Proof.
intros n. destruct n as [| n’].
- (xn =0 %)
reflexivity. (* so far so good... *)
- (xn=38n’ %)
simpl. (* XLEULLD@T—ILD - orz *)

BEDIT WS OfFITTEF Y A0

oen &Y I/NMhIWn’ IZDWVWT add_0_r KWIL>T
Whid- = BENIENE

A+EZE (FEKRE) HEEHRE (TD 2) October 10, 2023 6/26



HF R BRI
P(n) #BA n OMEBICODVWTRRAMEE T S
HFEBFHNEDRE
[EEDOBERE n IZDWT P(n)l FATFERE
e P(0) D
o ERDBRK n' IOV, P(n') 72518 P(S n') |

BR2BENITEEST, P(Sn)ERTDIC, V&

DINIVWHTIE PARIZLTWBZ & (DFY

P(r')) ZIREL TLW

o P(n') Z TIEHUEDIRE] (induction hypothesis, IH)
& I,
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R IBEIEDZ M

&% DOEEMRE (B ZIE 4)ICDWT P ALY %
Z &N,

e P(0) »>

o FRDERE n' ITDWT, P(n) &51E P(S n')
EHHAEHLETEIHES

@ P(0) 251E P(1)
@
Q@ P(3) 25E P(4)
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R IE A F o 7= EFER

Theorem add_O_r : forall n:nat, n = n + 0.
Proof.
intros n. induction n as [| n’ IHn’].
- (xn =0 %)
reflexivity.
- (*xn=S8n’ %)
simpl. rewrite -> IHn’. reflexivity. Qed.

BEARWRFEWHIX destruct &R U
@ intro /X% —> [| n’ IHn’ ]
o IHn’ ... IZMEDIREICD T % EAHI
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AABTE AL

EIE: FEOBEAR#M nICDWT n+0=n.

n ICDWTOEERNREICE 5.

o n=0DFE, "TIXRIIFZ04+0=07%Er, Zhit
+ OEHEICL Y BEA.

o n=S(n") DFE, mINEIE S(n')+0=S5(n)
TH 3B,

A8 = S(n"+0) + DEHICELS
= S(n') RBWEDREICL S
= Al
78D TEEBAHE.
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HFREHNE % (8 o 725E0A (2)

Theorem minus_n_n : forall n,
minus nn = 0.
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SHDOAZ21—
Induction.v
o HEFMIFMIEIC L HEEFA (induction ¥ 7714 7)
o FEBAFRMDEERA (assert ¥ 77 14v V)
o INRYEERA & FEHZ N HIELERR

EHEHRE (20 2) October 10, 2023 12 /26




&k B #7 (D 5IEBA

o LFNICEIRA L = EB ISt D EIEDEIBAF THEZ %
o SRR T YT FIE] (FE)2EE -fIATE 3
= assert ¥ 977414y
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assert 2 {F > 7z (PP AIEYR) 4l

Theorem mult_O_plus’ : forall n m : nat,
(n+0+0) *m=n * m.
Proof.

intros n m.
assert (H: n + 0 + 0 = n).
{ rewrite add_comm. simpl.
rewrite add_comm. reflexivity. }
rewrite -> H.
reflexivity. Qed.

EHEHRE (20 2) October 10, 2023

14 /26



assert 2 {F > 7z (PP AIEYR) 4l

Theorem mult_O_plus’ : forall n m : nat,
(n+0+0) *m=n * m.
Proof.

intros n m.
assert (H: n + 0 + 0 = n).
{ rewrite add_comm. simpl.
rewrite add_comm. reflexivity. }
rewrite -> H.
reflexivity. Qed.

@ assert (0 +n=n) as HEEVWTHLWL
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assert DEH)

o FiciY 7 I—)L& LT assert IN/-p@EHIEM
Ins

o FIDT—ILDXARIC I assert INFHBEMNMREE
LTEMINTWS
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assert DA
Sl D P A A

Theorem plus_rearrange_firsttry :
forall n m p q : nat,
(n+m+(p+qg =@+n) + (p+qg.
Proof.
intros nm p q.
(xn & mZANRBANIEVVATLE? %)
rewrite -> add_comm.
(x T—=ILDBoTEDEED | *)
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assert Dz

Theorem plus_rearrange : forall nm p q : nat,
(n+m+(p+qg =@+n)+ (p+qg.
Proof.
intros nm p q.
assert (H: n + m = m + n).
(* TOXARTD n & m ORI *)
{ rewrite -> add_comm. reflexivity. }
rewrite -> H. reflexivity. Qed.

v

CARIELBZIYWVFRVDIEFY—ILELTEDI D
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assert {FFH EDER

o (BN3XTIX) by TLANJT Theorem % fF > T
BALEL &2

o FFICIRMEZE D MENH B #HrE% assert CaLHA
L&ED&ETRELKHEVET

o EZXLNINIRTIHMAY Z2HEREIEL, REMIC
FIFITERABREDICRYFEL £
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EZX T replace ¥ V9T 14V 7

replace (A) with (B): d—J/ILHA®DX A% B CT&E
IHZD. A= BIIETIRT S (RBELVEL D).

Theorem plus_rearrange’ : forall n m p q : nat,
(n+m+(p+qg =@+n)+ (p+qg.
Proof.
intros nm p q.
replace (n + m) with (m + n). (x EIFEM *)
(x TZTCO—LD n+m M m+n IZRD %)
- reflexivity.
- (*n+m=m+n DA %)
rewrite add_comm. reflexivity.
Qed.
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SHDODAZa1—
Induction.v
o HEMIFMEIC L HEEEA (induction ¥ VT4V )
o FEFARRMDEEAA (assert ¥ 7714V 7)
o ABIEERA & FEF X BIEERA
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(BFrIepER) D [EEER] & (e h

o Al [FRMETHDZE] A#MIBLTELIL
HDXE
= SFERIZ I 2= —> 3 V174
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(1 epRE) O [EERR] & (dah

o HEIC [ERAETHZ &) 2MBLTELD -
HDOXE
= MBRIXaZI 2= —> 375
F&E 1 D Coq DIGFHE:
- SEPRIEE S DS (7 =H0)
- W18 = SFEARE 7L T XL D yes &R T
* EEEADY, FTHOEF>/BANIK > TEIMNMTVWEINIDRE

|
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(1 epRE) O [EERR] & (dah

°
HDOXE

= BRI 2= —> 3 V1Th

F&E 1 D Coq DIGFHE:

- SEPRIEE S DS (7 =H0)

WS = SEFARETZIL T X LD yes IR T
* EFBADY, FOHOEF 2RI > TEHINTWVWEBHIDHRE

o AN ABDIGZE
- SEFRIFBAREETENIN S FERARAN)

|

>

October 10, 2023
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(1 epRE) O [EERR] & (dah

o MAIC [ERAQETHBIE] 2MEBELTELDI
HDXE
= A= —2 3174
F&E 1 D Coq DIGFHE:
» SERRIEEE B DFEF (FHRM)
- W18 = SFEARE 7L T XL D yes &R T
* FEEAAY, FOEFZ LB > TEHINTVWEHIDORE
o AN ABEDIGZE
- SEFRIFBAREETE NN S FEKRAN)
s B =ZVWTHBIENELSENBED

* NICE > THENED!
* NEDNES TERHE - REOREEH S

|
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2 CHYEERR vs. FEFZ N RUEERR

o HEETEICHRD DIXFXHIEERA

o TH, IFWAMIAZERL TIEWIFAW

o WRAMEIRAIIABRELTOII 2= —> 3V DX
T4 T7ELTIEHFYDRMTIEAL

T + [FHEER

Theorem add_assoc’ : forall n m p : nat,
n+ (m+p =(@+m + p.

Proof. intros n m p. induction n as [| n’].
reflexivity. simpl. rewrite — IHn’.
reflexivity. Qed.

FHRW, TH, Coqlc&E>TIIKIELW
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TN WRIEFNRIEER

EIE: 2D n,m,p ICDWT
n+(m+p)=(n+m)+pTH?
BEER: n ICDWTDIFMNE. (TRaabhsb, IFRED
P(n) = m,p Z{RELZLET
n+(m+p)=(n+m)+p&T3.)
oen=0¢&75%.

0+(m+p)=0+m)+p
ERYBRENHZN, ThidE + OERLYBASH, |
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en=Sn kL,
n'+(m+p)=(n"+m)+p
($hbb P(n)) ARILTWNS ERET 3.
(Sn)+(m+p)=((Sn)+m)+p
ERIREDNHDD, + DEFHLY, IhiE
S(n" + (m+ p)) = S((n" + m) + p)
EEfE. ThIZFMEDREL WAL L. (FEARHE)
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X NN (RS A AN ) TY R RISEER

Theorem plus_assoc : forall n m p : nat,
n+ (m+p =(@+m + p.
Proof. intros n m p. induction n as [| n’].
- (* n = 0 *) reflexivity.
- (*n=Sn’ %)
simpl. rewrite -> IHn’. reflexivity.
Qed.

o FEMAHIGERA & DLLER:
» & Y BAREYARER S simpl, reflexivity
» ATRBTAWERS: @F DI -
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WEE: ) ‘FRT10:30 #54)

@ Induction.v M basic_induction (2),
double_plus (2), add_comm_informal (2),
egb_refl (2)

@ Induction.v ¥ TDZDMOEEIXMERRE (M=
Hl)

o MEEMEAIN Induction.v % origin/master IC
push
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