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Tactics.v: HIR

Coq DA VT AV ZICDWTILITEITD
@ apply ¥ 7974w Y

@ apply ... with ... 974w 7

@ injection & discriminate 77 4v ¥
o ¥ VT AV I ZREICHLTHED

o FMEDIREZZEAZD
(*)
(*)

EEDREH
BELRRICEAT D destruct DfEFH
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apply ¥ 074w 7
FREZEDOL REMST—IHIEEERDOITONS

BFIC(ED

Theorem sillyl : forall (nm o p : nat),

n=m

[n;o]

[n;o]
Proof.

intros n

m

->
[n;p] —>
[m;p].

o p eql eq2.

rewrite <- eql.
(* T—JLIXRE eql &AL [n;0] = [n;pl *)
(x rewrite -> eq2. reflexivity. @D f{ H U
I %)
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apply ¥ 77149 7
ERETD2: T 8L LHDRRFMHICHES
Theorem silly2 : forall (nm o p : nat),
n=m ->
(forall (g r : nat), q =r > [qg;0] = [r;plD
[n;0] = [m;p].
Proof.
intros n m o p eql eq2.
apply eq2. apply eql.
Qed.

o EMEBMINAIRE eq2 B q:=n, r:=m &EE&K
{EEINT n=m->[n;ol=[m;p] &L THEHNTLS
o BEMREIN/FIRF M n = m DFABRI—ILERS
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apply DfEWE

&Y —fRI,

o Q(k) Zm I MELH D

o MEED x IZDWT P(x) 7abid Q(x)1 DMLY
5L (REBELT)EIChA>TWS (A, RE
TNTW3)

o (BIKMtT B & P(k) 25  Q(k) 7dDT), P(k)
ZRTIEIILT D

EWDHERBERICHER S.
= +OFHITH> TV B!
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apply H DZE]
RE H:Vxy,...,Xm,
P1(X1, aXm) —

P (xl, ey Xm) — Q(x1,. ..

’ Xm)

T—I Q(ki,.-.,km)
| apply H

57— Py(ky, ..., ko)
(n &) :

Po(ksy - - - » ko)
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J—J)L & apply DI DIERD Y v F
VT

Theorem silly3_firsttry : forall (n : nat),
true = (n =7 5) >
((8 (S n)) =7 7) = true.
Proof.
intros n H.
simpl.
(*x Here we cannot use [apply] directly *)
Abort.
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symmetry ¥ 7 T A4V U
EFXDERZV 2K YRT

Theorem silly3 : forall (n : nat),
true = (n =7 5) ->
((8 (8 n)) =7 7) = true.
Proof.
intros n H.
symmetry.
simpl. (x ERITAE: apply (T8 %= L IC1T
D1 o*)

apply H.
Qed.
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Tactics.v

apply 9971497
apply ... with ... 074y 7

(")

(*)

@ injection & discriminate ¥ 77 4v ¥
o ¥ VT AV I ZREICKHLTHED
(*)
(*)
(*]

IBEDIREEZZE A S
EEDREH
BELRICEAT D destruct DfEFH
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apply with¥ 774w 7
BT FSDHRE

n=m->m=0 —->n-= 0.

Theorem trans_eq : forall X:Type (n m o : X),J

LY EBFMNGHICOWTDIIRATHEI & Z2E X 5.

Example trans_eq_example’
forall (a bcde f : nat),
[a;b] = [c;d] —>
[c;d] = [e;f] —>

[a;b] = [e;f].
Proof.
intros a b c d e f eql eq2.
apply trans_eq. (x TZ7—! %)
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AR 2/=DM?

o J—Jl: [a;b] = [e;f]
@ trans_eq :
forall X (nmo: X), n=m->m=0->n =0

U
o Coq B AY DIKREMNLEHFICHN>TINB I &:

» X := list nat
» n:= [a;b]
» 0 := [e;f]
o FEID m ZEDITARENMI(T—INZEZRTE) LML
AW
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CoqicEY bx5Z % with

Example trans_eq_example’
forall (a b cde f : nat),
[a;b] = [c;d] ->
[c;d]l = [e;f] ->
[a;b] = [e;f].
Proof.
intros a b c d e £ eql eq2.
apply trans_eq with (m:=[c;d]).
apply eql. apply eq2.
Qed.

o ‘m:=" IFBMTEXBZILE
» EBICH T 2EHOEFIZHS5R< TEHOK
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Tactics.v

apply 9971497
apply ... with ... %074y 7

(")

(*)

@ injection & discriminate ¥ 77 4v ¥
o ¥ VT AV I ZREICKHLTHED
(*)
(*)
(*]

IBEDIREEZZE A S
EEDREH
BELRICEAT D destruct DfEFH
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BRI OWTHEY

BARBDME:

HBan T DRE (BMENRNEDRKRT —X)

n:nat 25 n=0FkliEn=Sn71R%nH
XS

OAVANS 751 TES] 13 1E8E (injective)
FEED n,mICDO2WT Sn=Sm7&A5IE n=m.
(fEZES &)

FEED N, mIIO2VWT nE#mALIESn#S m.
BR3AVANI75EFFELLAW

EEDO nICDOVWT O#Sn(FELWELEDL, ZhiZ
FI&)
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ftLDIFHHEZ TCERAL I &
o IV ANMNZ YU HD injectivity
» EXOERICHENZE—IVRA NS85 %IEML
TH IFLI] BfREND
e ERDAVANSVIDLELNET—HIFRLT
ZFLLALARWL
MWD
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S DESH4EDIERA

Theorem S_injective : forall (n m : nat),
Sn=Sm->n=nm.

Proof.
intros n m H1.
assert (H2: n = pred (S n)). reflexivity.
rewrite H2. rewrite H1. reflexivity.

Qed.

OOV A NF T4 (cons 7 &) ICDWTE Ak
IS E DN A AE

4

BEREEEoABRIEY VT 1y J E LTIREINT
W5
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injection Y 77 4v 7

Theorem S_injective’ : forall (n m : nat),
Sn=Sm->n=nm.
Proof.
intros n m H.
injection H.
(x T—JUIC Tn = m 25E] DEIMEIND *)
intro Hnm. apply Hnm.
Qed.
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injection MFEH (1)

Theorem inversion_exl : forall (n m o : nat),
[n;m] = [0;0] -> [n] = [m].
Proof.
intros n m o H.
injection H. intros H1 H2.
rewrite Hl1. rewrite H2. reflexivity.
Qed.

AVAMSI79DBANFRICE D TVWTEF EHTH
LT ns!

@ [n;m] = cons n (cons m nil)
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injection MFFEH (2)
injection ... as ...

Theorem inversion_ex2 : forall (n m : nat),
[n] = [m] -> n = m.

Proof.
intros n m H.
injection H as Hnm. rewrite Hnm.
reflexivity. Qed.

as L FICIRERZEWVWTH <K & intros T THET
YoT{Nns.
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discriminate 4 72 74w 7

o EIHAVAMT U YME (true & false, 0 & S)D
FSIEFKILLARWY, DFY, FE
o REFDFEZEML T, T—ILZBIEICHHE

Theorem eqb_0_1 : forall n,

0 =? n = true -> n = 0.
Proof.

intros n. destruct n as [| n’].

- (* n =0 %) intros H. reflexivity.

- (xn=S8n’ %)

simpl. 1intros H. discriminate H.

Qed.
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1#&FERI: principle of explosion
FRAFEL TWB EMTEHEWZ B!

Theorem discriminate_exl : forall (n : nat),
Sn=0->2+2 =25,

Proof.
intros n contra. discriminate contra. (ed.

Theorem discriminate_ex2 : forall (n m : nat),
false = true -> [n] = [m].

Proof.
intros n m contra. discriminate contra. Qed:
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X &E®: injection ¥ VT4V Y

H:ca ---a,=db; --- b

P
|l injection H as H1 ... Hn. (¢, d »EL)

H1 ay = b1

H,: a, = b,

=)
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discriminate ¥ 774w ¥

H:ca ---a,=db; --- b

P
|} discriminate H. (¢, d D%E D)
RENFELTWDDT, TDIT—ILIFHEH
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2V 8 injectivity D

Theorem f_equal :
forall (A B : Type) (f: A -> B) (x y: A),
x=y>fx=1%fy.

o I—ILAEXTHILA B2 ERITED ] BFICE
3 &, BN IT—ILITA > TEF

o (FIC injection ¥ VT 14w ¥ L IFEFRARVWASE L
<ED)
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Tactics.v

apply 9971497
apply ... with ... %074y 7

°

°

@ injection & discriminate ¥ 9714V ¥
@ ¥ VT AV I ZREICH L THED
°
°
°

IBEDIREEZZE A S
EEDREH
BELRICEAT D destruct DfEFH
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FIT4v I EREICKLTED

e simpl in H: IRE H DAAE % &L
o symmetry in H{RE H:a=b%Z H:b=a
EES)
e apply L in H: IRZE H ICRIDIRE L %#EHA
» H: P(n) & L:Vx,P(x) - Q(x) 5
» H: Q(n) 2&<
WD [HmE ISOER!

@ rewrite L in H: {RE L DERZF>TIRE H %
EXHZ
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HIMA X HEEm & R A S R

Bi[A X #E5R (forward reasoning)

BRAODEEPHEEEVCREZHAGHLET, LWL

HMr = 15 2 Hsw

%[ = 33/ (backward reasoning)

AULEWHIET(T—L) D5, ThaeE52 2 +05 4158

% s

o JHIZHY - IRMAIHROX B & IFER QD TER

o Coq TOHEMRIE (JRMEDEALEHT) 2 TEEN
(ZHEVWIRETD)

e apply (¥#RM X, apply in H IXRIA X
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51

Theorem S_inj : forall (n m
(Sn) =" (EBm =b ->
n=7"m-=b.

Proof.

: nat) (b : bool),

intros n m b H. simpl in H. apply H. Qed.
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51

Theorem silly3’ : forall (n : nat),
(n =7 5 = true —>
(S (S n)) =2 7 = true) ->
true = (n =7 5) ->
true = ((S (S n)) =7 7).
Proof.
intros n eq H.
symmetry in H. apply eq in H. symmetry in H.
apply H. Qed.
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Tactics.v

@ apply Y7 71497

® apply ... with ... 99 74v 7

@ injection & discriminate ¥ 9714V ¥
@ ¥ VT AV I REICHLTHED

o FHEDIREZZEAD

o EEXDEH

o EEMAICET % destruct DfFEF
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Coq COIRMIEIC L BEEFADE & LIV

o Coq TIERT—HEEENSBAICEZ 3 RFELA
DRIEDNEND S
» Q: [Coq TIIRBIFMEITFEZALRVD? |
s A TEZZFEFWVICKWN - TRAVETT
DT, D2VLWDOW, ZADIDFWEEFE->TLED

SRIRIFNE
[MEED x ITDWT P(x)] ELLTFIERE:

o FED x ITDWT P(0) D - P(x —1) &5 (E
P(x)
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Coq CTOIRMIEICL BEEFADE E LN

o LML, BWGETIEIRALZZW EED x ITDWT
P(x)] ®P DFEIEN (INIE Coq MMER)ICL 2
TIEEEEAA Y < W oY Wi oYU T %

» Coq ICk 2 P DEVAHEHNBZULENH S
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{58

EE: MEEDBARB n,m ICDWT

double(n) = double(m) 725X n = m|

AEPR: JRARIEIC L B.

e n=0,m=0 DFE: BHAIC
[double(n) = double(m) 725 1E n = m]

e n=0,m=S(m) DIZE: TLEH
double(n) # double(m)

o n=5(n),m=0DEa THZH
double(n) # double(m)

e n=S(n"),m=S(m') DIFE: (RDRAZA R)
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{58

e n=S(n),m=S(m') DIFE:

double(S(n’)) = double(S(m’)) Z{RET 5.

Z DB, double DEZHEL Y,

S(S(double(n’))) = S(S(double(m’))) TH 5.
I 512, S D injectivity &Y

double(n’) = double(m’) T#H %
JBHNEDIRELY n =m' TH 5

n&Y S(n’) =S(m') $7%4b5, n=m AW
Z T

00 O ©60

A+EZE (FEKRE) November 13, 2018 34/1



i, EARIBHEE?
RIZBARBDRT IZD W T DIFHHE!

e P(0,0)

o x > 0745 P(x,0)

oy >0H5E PO,y)

o P(x,y) 26id P(x+ 1,y + 1)

o, MEEOBAR x, y IZDWT P(x,y)] ZRL7%E
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Coq TVY2>THD

Theorem double_injective_FAILED

double n = double m ->
n = nm.
Proof.

intros n m. induction n as [| n’].

: forall n m,

ZZTOm P(n) (&

double n = double m -> n = m.
() T_d_’\ &k

» P(0) & P(n") — P(S(n))

» mABEEINTWSI

EHEEHRE (2D 5)
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RADEDLWVWRET HH, RE
P(0) £ ¥
- (xn =0 %)
simpl. intros eq. destruct m as [| m’].

+ (x m = 0 %) reflexivity.
+ (* m = S m’ *) discriminate eq.

o mIIDWTIHZERIT. m=S(m') Diza, ~EZ
DERBRWI—IIZRBD, FAFIRESEFET 2D
T discriminate T OK

o simpl FRBLZL T 274 (FICHETIFAEW)
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Js b ‘\_JEE_%E
vn', P(n') — P(S(r’)) Z7R9Y.
- (*n=S8n’ %)
intros eq. destruct m as [| m’].

+ (* m = 0 *) inversion eq.
+ (*m = S m’ *x) apply f_equal.

o XTOI—LIEVn, P(n') = P(S()) TDHDT
W<, ', IFREDRETH S P(n') & P(S(n'))
DIREERS double n’ = double m -> n’ = m A
XARICFE > TW 5

o mICDWTIFEDLIF. m=0 DIFEIET—ELH---
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hHn?

1 focused subgoals (unfocused: 0-0)
, subgoal 1 (ID 480)

n’ : nat
m’ : nat
IHn’ : double n’ = double (S m’) -> n’ = S m’
eq : double (S n’) = double (S m’)

o IHN D¥EH/M n’ = m’ LRABWVWEI?
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AINFTHho>7=Dh

o KM L7BIBADEHR AT Coq IC (BRI AL E
s Tngm ZEAISHDDBERBELELD. ZED nym I
DWT double n = double m 725X n=m ’C
HBIEE nNIZDVWTDRMETREIERD
o TOHWRDI—I:

» double 0 = double m 72510 =m TH3Z &
» [ldouble k = double m 73 '5(,1 k=ml] »
[double (S k) = double m 751X S k = m|

"EBEBITBHIE

x DFY TP(k,m) 55, P(k+1,m)l, ZhizmEZ>6
A,
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5 &0 EREBAREITE D T WL EEHA

e P(0,0)

o x > 075 P(x,0)

oy >0m5E PO, y)

o P(x,y) 26id P(x+ 1,y + 1)

DRHY IS

o EED y ICDWT P(0,y)

o MEED y IZDWT P(x,y)] B6IE TEED y
IKDWT P(x+1,y)l

HRY (INIEAD D OHENIFE)
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HARGEIC KX 5EEHH
BIGED P BEDEBRRL &S

EE: FROBEARHE n,m IZDOWT
double n = double m 73 51E n = m
EERR: n ICDWTDIRHIET EED m ICDWT
double n = double m 5l n=m ] %#7R79.
o n=0DHFE: MEEDmICTDOWVWT
double 0 = double m 251X 0 = ml] %#79. m
ICDWTIHZEDIT.
m = 0 DIFEITEEA
m = S(m’) DHZEE, BIR
double 0 = double m H*ASpRIL
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en=Sn DOFBE, L, FE=EDO mIIDOWVWT

double n’ = double m 725 n' = m TH 3, &
95 (RIEDIRE).
DB MEED mIZDWT
double (S n’) = double m 725X (S ') = m T
H35] EFmICDOVWTDIHZBEDITTRY.

m = 0 DFE: B TKIL

m=Sm DFE:

double(S n’) = double(S m’) £33

M0 % EtE, injectivity Zf#> & double(n’) = double(m’)
BIEDIRELY meELTm 2&3&, n =m’
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Coq TMD:LEHA

Theorem double_injective : forall n m,
double n = double m ->
n = m.
Proof.
intros n. induction n as [| n’].

@ m % intros LR\ T induction %9 5.
@ JZT® P(n) I&
forall m, double n = double m -> n = m.
[ZDZBENnDBEFELVWELESBRERDOmMICD
WT, n& migFELW]
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(* n =0 %)

simpl. intros m eq. destruct m as [| m’].
+ (* m = 0 *) reflexivity.

+ (* m = S m’ *) discriminate eq.

o m [CDWTDHFERDITDREIIC intros m HNAE
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- (xn=8n’ % (*x X1 %)

intros m eq. (* TZTm % EE] T5 %)

destruct m as [| m’].

+ (*m = 0 *) discriminate eq.

+ (*m=Sm’ %)
apply f_equal. (* X2 %)
apply IHn’. (* simpl in eq. *)
inversion eq. reflexivity. Qed.

o (X1) KRMLAFLYEL—MHNARIE(VmDE) %
ReEHERKDODLNTWD
o B, BMUGEDIRE IHN ICH Vm D\ T W3
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(3% 2) DA/ E T— b (-

1 focused subgoals (unfocused: 0-0)
, subgoal 1 (ID 545)

n’ : nat
IHn’ : forall m : nat,

double n’ = double m -> n’ =m
m’ : nat

eq : double (S n’) = double (S m’)

n’ =m’

v

o IFMEDIRED MEED ml %= m' TEAKELT®
HiE &L,
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20l

o Cog DEWVWTAREARARIFMEZFEHLINEZ &N
H B

en& mMICDWTOME%. n IZDWTDIRIETEE
BA9 0, mIEILINFEFHRLTHELEETRIG
EDH B

o TWDREIAREMN] ITDVWTORERULAER L
KEZBZ
» P(n,m) 7251 P(S(n),m) WX (£2 %) %4
Wwas, P(n,m) 251  P(S(n), S(m)) WA 3
LD REFEEFR
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=tDIEE EBE1L

STEFEDERZE mICEATBIRNETHRLLI ET
5ERAUSCKMT S.

Theorem double_injective : forall n m,
double n = double m ->
n = m.
Proof.
intros n m. induction m as [| n’].
(*x intro 7L T induction m LTHREUL! %)
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generalize dependent ¥ 7 7 4w ¥
XIRCTIRELEEHN=ZBUCELMEILT D97 T14v 7

Theorem double_injective_take2 : forall n m,
double n = double m -> n = m.

Proof.
intros n m.
generalize dependent n.
(x T—JLHEL forall n, ... OFITHB *)
induction m as [| m’].
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Tactics.v

@ apply ¥ V74V Y

@ apply ... with ... %07 14v 7

® injection & discriminate ¥ 77 4Y ¥
@ VT AV I ZREICKH L THED

o BHMEDIREZZEZ S

o EEDREM

o EEMARICEAT % destruct DfFEF
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unfold¥ V74 7
(Definition ICL ) ERERAT 25 VT4 7

Definition square (n:nat) :=n * n.
Lemma square_mult : forall n m,
square (n*m) = square n * square m.
Proof.
intros n m.
simpl. (x fAIE LTS RAQEL %)
unfold square. (* square DEZDERF *)
replace (n * m * n) with (n * n * m).
- rewrite mult_assoc. reflexivity.
- rewrite <- mult_assoc, mult_comm. reflexivji
Qed.

v
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simpl (ICDWT

simpl NEEDRMAZ L T B EMH

EEHEZRATDDIF, TNICEL > THED T (natch)
DETEDNETRDH.

Definition foo (x: nat) := 5.
Fact silly_fact_1 : forall m,
foom+ 1 =foo (m+ 1) + 1.
Proof.
intros m. simpl.
(x 5 + 1 DFFETHERIDHEDTELD *)
reflexivity.
Qed.
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Definition bar (x: nat) :=
match x with
| 0 =>5
| S _=>5
end.
Fact silly_fact_2 : forall m,
bar m + 1 = bar (m + 1) + 1.
Proof.
intros m. simpl.

(* match m with ’@Uob\b‘éd)’éﬁfﬁﬁﬁtlﬁé*)‘
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Tactics.v

@ apply ¥ V74V Y

@ apply ... with ... 071497

® injection & discriminate ¥ 77 4Y ¥
@ VT AV I ZREICKH L THED

o BHMEDIREZZEZ S

o EEDREM

o EEMARICEAT % destruct DfFEF
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EENLRRNICET 25507

o destruct DBIFUIXARICH BZEH TR TEHELW
s (RIEMEDY VT 4y 7 L EHUN DB EHEX
ns)
o WN—RICDODWVWTDIHZEDITHAEHEE

Definition sillyfun (n : nat) : bool :=
if n =7 3 then false
else if n =7 5 then false
else false.

Theorem sillyfun_false : forall (n : nat),
sillyfun n = false.
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° =? DIER(n B3IHEDD, 5NEID)ICDOVTD

SBAD
» n 75\ 5 J«/L—Fo)i%

HERIC, n> 6 DIFEEIRM

ETEER, EWS FEHBHNE LRV

Proof.

intros n. unfold sillyfun.
destruct (n =7 3).

- (kn=73-=
- (xn =73 =
destruct (n
+ (*n =75
+ (*xn=75

Qed.

true *) reflexivity.
false *)

=7 5).

true *) reflexivity.
= false *) reflexivity.
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Bl D5

Definition sillyfunl (n : nat) : bool :=
if n =7 3 then true
else if n =7 5 then true
else false.

Theorem sillyfunl_odd : forall (n : nat),
sillyfunl n = true —>
oddb n = true.

o sillyfunl ANE%IRT /O DMEFMEIE T5IHN
FH
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Proof.
intros n eq. unfold sillyfunl in eq.
(* eq : (if n =7 3 then ...) = true

oddb n = true *)
destruct (n =7 3).
- (x n =? 3 = true %)
(* eq : true = true < ZmIDDEHLDRER

oddb n = true *)1

en =7 3 = true DIFZHEE, n =? 3 = false DIFH
THFE28YRDIC, FDDn =? 3 = true
SHZTW3BI
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destruct eqn: HE
BEDITDOHRDOKIZDWTOFER % STARICEN

Proof.
intros n eq. unfold sillyfunl in eq.
(* eq : (if n =7 3 then ...) = true

oddb n = true *)
destruct (n =7 3) eqn:Heqge3.
(* Hege3 : n =7 3 = true

eq : true = true (x ZmLIFETEF *)

oddb n = true *)

v
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HEE, Heqe3 S n = 3 BHH3B

- (% e3 =true *)

apply egb_true in Heqe3.

(x Heqe3 : n = 3 IC7RD *)

rewrite -> Heqe3. (* n = 3 ZfLA *)
reflexivity.

e e3 = false DIZHIL, I HIC
destruct (n =7 5) eqn:Heqeb.
Tizaalt
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BEE: |/ FET10:30 57

@ Exercise: apply_exercisel (3), injection_ex3
(1), discriminate_ex3 (1), plus_n_n_injective
(3), eqb_true (2), destruct_eqn_practice (2)

o MEEMNEAIN Tactics.v % origin/master I

push
o LRI NYIT TEREES] EWD BRIDHTH issue = 4E
B L LA % BAGE:

- B EGICETSER, bhrYICKWERLE
&, TOMKUIARB I E. ((TRRICTRLL 1F4 X
T9. )

s REICEZATEL 226, ZTOANDEH], thDE
¥ (web 72 &) 2B ZICLTBE, TOBRER
(URL % &).

A+EZE (FEKRE) EHEEHRE (2D 5) November 13, 2018 63/1




