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PANy =]
AP el
Coq T, @D (7OVZLERAULL)IED—.
“Prop” ICDEIN 5.
Coq < Check (3=3).
3 =3
: Prop
Coq < Check (forall n:nat, n = 2).
forall n : nat, n =2
: Prop
Coq < Check (forall (n:nat) (b:bool), n = b).
Toplevel input, characters 36-37:
> Check (forall (n:nat) (b:bool), n = b).

>

Error: In environment
n : nat

b : bool
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SFEHE T EF YV R

o BIANBERZFODERAKKIC, BELERZRD
o REICBYT 2ERIF GAF T U M

Coq < Lemma silly : 0 * 3 = 0.
Coq < Proof. reflexivity. Qed.

Coq < Print silly.
silly = eq_-refl
D0 *x3 =0

o eq_refl NEAAA TV T U b
> (%‘i, ZkizhHbM 5 TLWTT. )
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BREOIRAA T 7 MIEK

Coq < Lemma silly_implication :
Cog< (1+1)=2->0=x%3=0.

Coq < Proof. intros H. reflexivity. Qed.

Coq < Print silly_implication.

stlly_implication =

fun _ : 1 + 1 =2 => eq_refl
1 +1=2->0*x3=0
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EMELDEERA T =7 FEEKW

Coq < Lemma silly_quantification :
Coq < forall x:nat, 0 + x = x.

Coq < Proof. intros x. reflexivity. Qed.

Coq < Print silly_quantification.
stlly_quantification =
fun = : nat => eq_refl

: forall z : mat, 0 +z =
Argument scope is [nat_scope]
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¥ & (conjunction)
'PHD QI DESE

Inductive and (P Q : Prop) : Prop :=
conj : P->Q -> (and P Q).
Notation "P /\ Q" := (and P Q) : type_scope.

o MMBEA/NTXA—YH LT HMBESR

o BER: and P Q (P A Q) DI P DEEHLE Q DEE
WA S (conj 2t BT &T)EBHRIND
» conj BNEARAICHEHZLTWS

o WIC PAQ DIEHLAHNIE, ZTIH 5P DFEME Q
DFEMAERY HE D
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EFRDESR & DR

Inductive and (P Q : Prop) : Prop :=
conj : P->Q -> (and P Q).

Inductive prod (X Y : Type) : Type :=
pair : X => Y -> (prod X Y).
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[AND 1 ODEERA (1)

(D21 ICET BRED 451 OFTRHRRSNT

WBDT, SETDY V71 IV THRTES

Theorem and_example :
(0 =0) /\ (3 =mult 2 2).

Proof.
apply conj. (x H LI split. *)
Case "left". reflexivity.

Case "right". reflexivity. Qed.

Print and_example.
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[AND 1 DEERR (2)
REIC THhD] HAIRNBIFE:

Theorem projl : forall P Q : Prop,
P/\Q —>P.
Proof.
intros P Q H.
destruct H as [HP HQ].
apply HP. Qed.

o HIZERMICIE P DIl E Q DEIFADRY —-

destruct T2
» RETIL inversion THOELTWS
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(FRIERY) R{E
& (if and only if) I, WABDEBDOES:

Definition iff (P Q : Prop) :=
P ->Q /A @Q-—>P).
Notation "P <-> Q" := (iff P Q)

(at level 95, no associativity) : type_scope.
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FHEMSEICET 548

Theorem iff_implies : forall P Q : Prop,
(P<—>0Q) —>P —->0Q.
Proof.  (x 2L projl DFEFFRT —R *)

Qed.
Theorem iff_sym : forall P Q : Prop,

(P <> Q) -> (Q <> P).
Proof. (* 2Eld and_commut DFEFIRT —R *)

Qed.
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¥ 5 (disjunction)
P E7iE QI D (JRHANA) B

Inductive or (P Q : Prop) : Prop :=
| or_introl : P -> or P Q
| or_intror : Q -> or P Q.

Notation "P \/ Q" := (or P Q) : type_scope.

o BEi—or P Q (PVQ) DM EHEKT 2 HiEIFZ
By

» P DEEA 5 HERK
» Q DEELD SFER
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[F7E] ICDWTOEERA (1)

Check or_introl.
Check or_intror.
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[F 72131 ITDWTDEERA (2)

Theorem or_commut : forall P Q : Prop,
P\ Q—>Q\/P.
Proof.
intros P Q H. destruct H as [HP | HQ].
Case "left". apply or_intror. apply HP.
Case '"right". apply or_introl. apply HQ.
Qed.

H &

@ or_introl P Q HP (772U HP : P) DH

@ or_intror P Q HQ (772U HQ : Q) D
DWITNDH = destruct (X7l inversion) IC &
RE =wal o)
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(%72 1E) KD W T DIEE (3)

Theorem or_commut’ : forall P Q : Prop,
P\ Q->Q\/P.
Proof.

intros P Q H. destruct H as [HP | HQ].
Case "left". right. apply HP.
Case "right". left. apply HQ.
Qed.

e left. |& apply or_introl. DB
e right. & apply or_intror. DB
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[N D] TF7/Id] & andb, orb
WIBEASF A,V EEBIELEDOREE andb, orb DR

Theorem andb_true__and : forall b c,
andb b ¢ = true -> b = true /\ ¢ = true.

Theorem and__andb_true : forall b c,
b = true /\ ¢ = true -> andb b ¢ = true.

Theorem andb_false : forall b c,
andb b ¢ = false -> b = false \/ ¢ = false.

HE
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{4 (falsehood)
] (L& bEAND) DES

Inductive False : Prop := .

o AVANTVIMNEELABWVWESR!
o AMIFARIFFEEL AWV
o BAMRAIEEFEEL AWV
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(&1 1T DWW TDEERA (1)
Check False_ind.

Theorem False_implies_nonsense :
False -> 2 + 2 = 5.

Proof.
intros contra.
destruct contra. Qed.

@ destruct: FEDLIFICLY, AVAMZT IV HDEIC
oLt 7 a—ILERK

e AVAMNSVHADHMNOARDT, H7d—-ILEO0

e DX YEERASET!

EHHEEHRE (ZD 6) January 6, 2015 23 /32




(&1 1T DWW TDEEEA (2)

False #fgi e L CEK E—DFERIIXIRICFE = F
HEXIEFBZ L

Theorem nonsense_implies_False :
2 + 2 =5 -> False.
Proof.
intros contra. inversion contra. Qed.

$HAI LB (@5A1 & £ IR)

Theorem ex_falso_quodlibet : forall (P:Prop),
False -> P.

Proof.
intros P contra. inversion contra. Qed.
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~ ==
BE
[P Tl (=P, ~ P)DES

Definition not (P:Prop) := P -> False.
(x [P TIERAW] =P ZRETBHEFETS )

Notation "~ x" := (not x) : type_scope.
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BE & F > 7=5ERA (1)

BEDRI (False 2B 2 &l 0T)A»LaYy

DMHELRZIES.

Theorem not_False : =~ False.

Proof.
unfold not. intros H. apply H. Qed.

Theorem contradiction_implies_anything :
forall P Q : Prop, (P /\ "P) —> Q.
Proof.
intros P Q H. destruct H as [HP HNA].

unfold not in HNA.
apply HNA in HP. inversion HP. Qed.
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& E %& 8> 7=FEFA (2)

Theorem double_neg : forall P : Prop,
P -> "7P.

Proof.
intros P H. unfold not.
intros G. apply G. apply H. Qed.
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Coq DEmiR (& o HERIE TlX 7R LI

o HERIE: HBERTENRZS A 55mIE
o Coq DimIE I BEERFFHMIE (intuitionistic logic) & M
i<h s
o HHMMETIIELVWHBTERILLARWVWEDLH S
o ffl: _EBEDRE
Theorem classic_double_neg : forall P : Prop,
P -> P.
Proof.
intros P H. unfold not in H.
(* But now what? There is no way to
"invent" evidence for [P]. *)
Admitted.
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B EHRMIE TIEKIL L eV R
/NI

o /N—XRAl: (P->Q)->P)->P
o HEHpE: PV —P
» 22 L, —I—I(P Vv —IP) (=Y Av
o K-EIAHAVE (@_gﬁ)i —|(—|P AN —IQ) ->PVQ
o (P -> Q) -> (—|P Vv Q)
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F5

x<>ylEa(x=y)DIZ&:

Notation "x <> y" := (7 (x = y)) : type_scope.

Theorem not_false_then_true : forall b : bool,

b <> false -> b = true.
Proof.

intros b H. destruct b.

Case "b = true". reflexivity.

Case "b = false".
unfold not in H.
apply ex_falso_quodlibet. (¥ FEfA *)
apply H. reflexivity. Qed.
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B’ : 1/20 4/110:30 ##Ht]

@ Exercise: and_assoc (2), iff_properties (1),
or_distributes_over_and_2 (2), contrapositive
(2), not_both_true_and_false (1),
false_beq nat (2)

o RBEEEEZIAAK Logic.v FETDI7 74 )&%
T%?/74/h&/ZTA%%kam

o L% XY MRAICHEAEE:

- BE - OEBICEAYT2EM, bAYICKWERLE
&, TOMKUIARB I E. ((THRITRLL 1FH A
T9. )
EER%K?%%DL6\%®A®%H,%®§
Bt (web 2 &) Z#5EIC L BE, TOERIE
(URL %2 &).
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