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ZZTHEZE fo(P) ERABRIFHE 0B,
fo(z) = {x} fo(c) =10 fo(f(te, ...t va
fo(True) = fo(False) = fo(p) = 0 fo (¢>(t1,..., o) U fo(t:)
fo(P2Q) =fv(P/\Q) fo(PVQ)=f(P)UfQ) fu(X)= {X}
fo(Vo.P) = fo(3x.P) = fo(P)\ {z}

[t/x]e =1 [t/x]y =y [0/ X]t =
t/zlc=c [t/z]f(t1, ... tn) = f([t/x]t1,...,[t/z]ts)
o/v|True = True [0/v]False = False [0/ X]X =X [c/v]X =X
o/v](P D> Q) = [o/v]P D [o/v]Q NVASYGIL =
o/ol(p(ts, - tn)) = [o/v]d([o/v]tr, . .., [o/v]tn)
o/vVNw.P =Yw.[o/v]P (w ¢ fu(c)U{v}) [o/v]Vv.P =VYv.P

]

[
[
[
[
[

/
o/v]Fw.P = Jw.[o/v]P (w ¢ fo(o)U{v}) [o/v]Fv.P = Jv.P
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Vz.human(xz) D mortal(x) F Vz.human(z) D mortal(z)
Vz.human(z) D mortal(xz) = human(S) D mortal(S) human(S) F human(S)

Vz.human(xz) D mortal(x), human(S) - mortal(S)
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Section Socrates.

Variable A : Set.

Variables human mortal : A -> Prop.
Variable socrates : A.

Hypothesis hm : forall x, human x -> mortal x.
Hypothesis hs : human socrates.

Theorem ms : mortal socrates.

Proof.
apply: (hm socrates).
assumption.
Qed.
Print ms. (x TEZERRT D %)
ms = hm socrates hs (* ((hm socrates) hs) *)

: mortal socrates
End Socrates.
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Section Eq.
Variable T : Type.

Lemma symmetry : forall xy : T, x =y >y = x.

Proof.

move=> X y exy.

rewrite exy. (x x 2 y ITESHZS

done. (x KR THRDOSES
Restart.

by move=> x y ->. (x => ODFALSL > THSZHZOLND
Qed.

Lemma transitivity : forallxy z : T, x =y >y =2z ->x = z.
Abort.
End Eq.

FIEZ D2 ODWE (B LV reflexivity) IZX 771y 7 & LTI TWS.
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Section Group.
Variable G : Set.
Variable e : G.
Variable op : G -> G -> G.
Notation "a * b" := (op a b). (xop % *x EIFTBLIIZTS
Variable inv : G -> G.
Hypothesis associativity : forall a b c, (a * b) * c = a *x (b * c).
Hypothesis left_identity : forall a, e * a = a.
Hypothesis right_identity : forall a, a * e = a.

Hypothesis left_inverse : forall a, inv a * a = e.

Hypothesis right_inverse : forall a, a * inv a = e.

Lemma unit_unique : forall e’, (forall a, a * e’ = a) -> e’ = e.

Proof.
move=> e’ He’.
rewrite —[RHS]He’. (x HillzHEEHZA 5
rewrite (left_identity e’). (x NEEDF B ERET S
done.

Qed.

Lemma inv_unique : forall a b, a * b = e -> a = inv b.

Proof.
move=> a b.
Check f_equal. (x (f_equal f) PEADOWUIIZ £ ZHEHAT D

move/(f_equal (fun x => x * inv b)).
rewrite associativity right_inverse left_identity right_identity.

done. (x EEHZIIFLDOTEITS
Qed.
Lemma inv_involutive : forall a, inv (inv a) = a.
Abort.
End Group.

Check unit_unique.

LM 3.1 transitivity & inv_involutive ZiEFHIZZA X k.
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Section Laws.
Variables (A:Set) (P Q : A->Prop).

Lemma DeMorgan2 : (~ exists x, P x) -> forall x, ~ P x.
Proof.

move=> N x Px. elim: N. by exists x.
Qed.

Theorem exists_or :

(exists x, P x \/ Q x) -> (exists x, P x) \/ (exists x, Q x).
Proof.

move=> [x [Px | Qx]]; [leftlright]; by exists x.
Qed.

Hypothesis EM : forall P, P "P.

Lemma DeMorgan2’ : ~ (forall x, P x) -> exists x, ~ P x.

Proof.
move=> nap.
case: (EM (exists x, ~ P x)) => //. *x THHE %)
move=> nnpx.
elim: nap => x. (x (forall x, P x) %iFHIT B %)
case: (EM (P x)) => //. (x TERIL %)

move=> npx.

elim: nnpx.

by exists x.
Qed.

End Laws.

FEMRE 4.1 L FOEH % Coq TREHE XK.

Section Coq3.
Variable A : Set.
Variable R : A -> A -> Prop.
Variables P Q : A -> Prop.

Theorem exists_postpone :
(exists x, forall y, R x y) -> (forall y, exists x, R x y).

Theorem exists_mp : (forall x, P x -> Q x) -> ex P -> ex Q.

Theorem or_exists :
(exists x, P x) \/ (exists x, Q x) -> exists x, P x \/ Q x.

Hypothesis EM : forall P, P \/ “P. (e B IR HRZA S *)

Variables InPub Drinker : A -> Prop.
Theorem drinkers_paradox :
(exists consumer, InPub consumer) ->
exists man, InPub man /\ Drinker man ->
forall other, InPub other -> Drinker other.

Theorem remove_c : forall a,



(forall xy, Q x > Q y) —>
(forall c, ((exists x, Px) > P c) -=>Qc) > Q a.
End Coq3.
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move, apply, done, case, split, left, right, elim, have, suff, rewrite, set TIEIZDFF
BT & B0, KFlZ move & rewrite BWMEMi 72 % < fii5.

CoqQ DFEIREZ AT L35, (ZZLERDPRVWEELH D)
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BRI T4y 7RI =)V OEE (A; P Q) ZiEERANZ SN TAX TV, D&tz
R

move EfiF72 L CTIH LR WA, B2 & o TIRFE & BT DR B X0 £ KR 38 F A3 vl HE.
apply I—IVZEH LU 7ZEHOFHRICEZ 5. #HHl Apply-R = S|,
AIORFE: AP — ... > P, FQ
BORE: AsEP, (1<i<n) IZESHDS
done Fk% 72 HEAZRRIEZAA, L TERTINEXT I —2EZ 7. A, F/F, KFEXRE2ED.
case IR U THAED T 24T, BTl move=> [1 IXIER L. AT A-L & v-L 2218,
split A-R 22, I— )% DI ET 5.
left, right V-R 2ZM. T— VDN ZER. HEZX S LFEHNTERWAEEEIRE V.
elim AR Dl (F55R) 1T U THEMITE2TS. B X > ThdiEoFENEH I NS, OF
BT, apply & HARICHESDFIRS T—LD Y A MIMA NS, EEPEERSIK
AIDIRFE: A; =P FQ
BOIREE: AP
have H : P
FUWRE H: P%FEAL 72 ECTBED T— IV OGEHE &) 5.
BTODAREE: A Q
BOIRRE: A;FP & AVH: P;FQ
RES H DERINDE L ROVIZAPFQIZRS.
suff H: P
have L[H U7ZHY, T—IVOIEFVHIZ2S. HFUWRKEDICTEIED T— )LV ZFEH L 7244
W2 DARE ZFFIA L 2217 37UE 72 572\ . have H : P; last first &IEIEFEU.
rewrite /def
T—NVDHERB L OHRDOH TER def ZEMAT L. LV revrite DERITIXE TR
R5.

rewrite lemma

Z5. EROZBHEDEHIFNEIIND. lemma DFHENR T —IL Y A MZENEIN5.



set x:=1
WRIZEF =t : T Z2MAD. o \IMESR, t 1XIH, Tt ORI, FFRHZAEGROPIZ L %2 212
BEHZ D (rewrite -/z £FIU).
tOHFIZR T ] ZEHTHV. ZOHE, fEmOHIZY TIRSIHZEL, 0% HEIK
2D 5.

have H =1t
HIXMRES, tI3H, ADTTTtOMMP T 76, IKE H: T #&EL. t BiflHEZ S, T H
Iz 5.

BERKYIVT4HI RITF4v 7OFMBIZEE, ZORIT 4w 7DOEELRILIET 5.

move, apply, case, elim DEZBI(HZ B, X7 T 4w 7 KIKZFE(TT HENTHTTR 2 & <
HTDAREE: A Q
RIF RNV Hy...H,
BORE: A\PFP— ... =P, —Q
Hi: PR ACEENDER S, A »olpbhnsd. 5 TRINE, H & AOLTHA
JHREZRIET, P3O THS. BREH,: LR AIZEENTE, (H;) L EHLILTE
WeEFRIZTED., &7, AEIIBRo7ZGE K bhE, {K} e ESZETHTIENT
5.

= RTCDRITA4vI7DRBIFGZS. BIZEDPN-LRIDIERIZHIIRZ LS SIREIZE Z

(1 3ERICERAP DR 289 5. RIZHETPEBMiFzENTEWD. O | ...
1] DIETHRDOELGEIINT 556 E T 5.

- move UMD R I T v 7 AR EE, S>OBOERADO 17U | ... 1,,] WK
INET—IVZHTEEDITRY, HfRETDRV. TORHI-2EFL L ARIZR 5.
/= TR R AT 5.

IZ2TOIT—)VIZX LT done TR Z KLIME T I A 5.

//= FZDOMEEITD.

/H ZIHH Z2ERISE-RT 5.

/(C H) \3fER% HEHT 5.

> EEPER L =t ol B ITEEMZ, TORIZERNHEINS.

- R EICEERZ S,

{K} & ] o& & &E UK.
/H apply DERZIZMH S & H BFEFmICEHA I N5, move X case DEKIZE, XTI T4V 0%

FATT BRI H PWERITE-H I NS,
in Hy...H, &¥: H,...H, => Hy...H, FEIUEKZDL, BIEITCOMERITEH SN0,
tacy; tacy tacy BETUMLZBIL, EREINAZETOIT—IIZH U T tacy 2ETT 5.

tac; [tacy | ...| tac, |
tac ﬁ‘n{lo)ﬂ—}lf’i’ﬁZE‘thﬁm, TNTNITHUT tacy, . .., tac, 2EITT 5.
by tactic

tactic; done XA U. ¥, tactic 2’ ;] ZHEATHWVWL. (KD T.] £TI7K)
by [1 done &[FU.
do m tactic tactic % n[HfEDIKT.
do !tactic tactic % WREZRMR DRV IKS



rewrite

rewrite (I BEOREX 2[5, EANIZIX, THOALFPCEHHZIUNRS.

rewrite leml lem2 (lem3 n 1)
FZEBIZH LT, OBRUPHEHAEFROREEE TE 5.

llem &M lem [ZX2FSHAZRERIR DIV IRT.

n'lem EM lem ZXBHFZHA % n [FHED KT,

?lem TH lem % 0 £721E—[EfHS.

-lem TH lem Z M SIS,

{n}iem n BHOEH 2 HEHZ 5

[pllem NEZ =Y p(ROBDHBE) IV FTERMOHB2HEZIHMZ 5.
/def EZE def ZEHT 5.

-/def EF% def & BAIAD.

(lemy,...,lemy,)
lemy...lem, ZEFIZEA L T, WAIIEIILTH DS, fMOBHiT Kz 11 ) &HlE
HTHEVL,

(Lt = t2)

1 & ICEEHZD, t; = to DTV ANMIEBIMENS.

FHOFESHMZEMiTEMEEDL LN TE LD, HFIZKEMITRITNIEZR S0,

rewrite —-{2}[_ + n]lem

L7z, RECEROMICFHNEMIT (/=, //, //=) ZFALTH LW,



