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Jubogguog.: gl

ol D OUODDUODO

o UIUDDOODDOOODLDOO
» [: day
» UUOU: monday U [

Coq < Inductive day : Type :=
Coq < | monday : day

Coq < | tuesday : day

Coq < | wednesday : day
Coq < | thursday : day

Coq < | friday : day

Coq < | saturday : day

Coq < | sunday : day.
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000000 (verl)

Inductive (00O ) : Type :=
| (0000, : (00)

|<DﬁDD@:(DD).

e I0ODDOOO (CoqDIODDDOIDODO)ODDO
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Jobot: oot

e JO0D (matchO)DO OO OO
» D00 0oooyooooobroobbbon

Coq < Definition next weekday (d:day) : day :=
Coq < match d with

Coq < | monday => tuesday

Coq < | tuesday => wednesday

Coq < | wednesday => thursday

Coq < | thursday => friday

Coq < | friday => monday

Coq < | saturday => monday

Coq < | sunday => monday

Coq < end.

next_weekday ts defined
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0000000 (ver.l)

Definition (OO0 ) ((ODOOO ) : (OO0 ) : (00O0O0) := (0O)

(0) (00) (0000 )| (matchD )

(match O ) match (O ) with
| (D000 )=(0)
| (0000)=(0)
end

(00DO0) == (00O0D)
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Coq < Eval simpl in next_weekday friday.
= monday
: day

Coq < Eval simpl in next weekday (next weekday saturday) .
= tuesday
: day
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00 (00000)o00
e JO0(DDCODOU):ODDUUIUODDODOOODO

Coq < Example test_next_weekday:
Coq < next_weekday (next_weekday saturday) = tuesday.

o U:0bUHObLUOLDbOLODOODLOUODOO
goooon

Coq < Proof. simpl. reflexivity. Qed.
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00000000 (verl)

Example (OO ) : (OO ).
Proof. (OO ) Qed.

(00) == (0)=(0)
oDDDDD(DD)DDDDDDDDDDDDDD
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CoqUUUOOOooononon

e 0O 0O0O (Inductive)

e JOODOO (Definition)

e J00DDOIUODDDODOOOOD (Example)
» 0 00O 0 Theorem, Lemma [] J
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Juooguod

Coq < Inductive bool : Type :=

Coq < | true : bool
Coq < | false : bool.
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Coq < Definition negb (b:bool) : bool :=
Coq < match b with

Cog < | true => false

Coq < | false => true

Coq < end.

Coq <

Coq < Definition orb (bl:bool) (b2:bool) : bool :=
Coq < match bl with

Coq < | true => true

Coq < | false => b2

Coq < end.
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orb U DUUOUOOOUDL

o JOU OO

Coq < Example test_orbl: (orb true false) = true.
Coq < Proof. simpl. reflexivity. Qed.

Coq < Example test orb2: (orb false false) = false.
Coq < Proof. simpl. reflexivity. Qed.

Coq < Example test orb3: (orb false true ) = true.

Coq < Proof. simpl. reflexivity. Qed.

Coq < Example test orb4: (orb true true ) = true.

Coq < Proof. simpl. reflexivity. Qed.
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0000 (nandb)

OO0 nandd DO UOOUOOOOOEzample U 0O O
nondd U0 ODDOD0O0OOOOOOOOOO

Coq < Definition nandb (bl:bool) (b2:bool) : bool :=
Coqg < admit.

Coq < Example test_nandbl: (nandb true false) = true.
Coq < Admitted.

oboobotdbl admit Do gooogong
oo iddddAdmitted. OO OO

Proof. simpl. reflexivity. Qed.

goooon
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Check O OO 0O [

gobogoood
Coq < Check (negb true).
negdb true
: bool
Coq < Check negb. (x JUODOOODOO *)
negb

: bool => bool

Coq < Check orb. (x JODOOO =)

orb
> bool -> bool -> bool
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000 (natd)00 0O
goooododdooon

Coq < Inductive nat : Type :=
Coq < | 0 :nat (x OODOOOO =)
Coq < | S : nat -> nat.

e 0D OOOOODODO
o SHUUDODODOODLOUOOLOOOLUOLOO
»n UOODOOO0OO S nOO0OO
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00000 (inductively defined set)
000000000000000000000000
000000

o Inductive 10 (000000)000000000
@ day, bool, nat UL U OO OO

ogoooooooogn
uouobiooodoibibiddd nat DOOOag
e 00U nat O

enlUnat UUOUOO SnlU nat g
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Coq < Check O.

o

> nat
Coq < Check (S 0).
S 0

> nat

Coq < Check (8 (3 0)). (xsoO0OO0OOOOOOOO! %
S (S 0)
: nat
Coq < Check (S true).
Toplevel input, characters 69-73:

> Check (S true).
S i

Error: The term "true" has type "bool"
while it 1s expected to have type "nat’.
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Coq < Definition pred (n : nat) : nat :=
Coq < match n with

Coq < | 0=>0

Coq < | Sn’ =>n’

Coq < end.

pred is defined

o JUUUUD sSn: U nU0UIUIOn OOOO
Sn guuoooggoon...

o (00DDO)u=(0000) (0000 NODO)
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Joogubgdoodboodbod
HEEEN

Coq < Definition minustwo (n : nat) : nat :=
Coq < match n with

Coq < | 0=>0

Coq < | S0 =>0

Coq < | S (Sn’) =>n’

Coq < end.

minustwo is defined

Coq < Check (S (8 (8 (S 0)))).
4
: nat
Coq < Eval simpl in minustwo 4.
=2
: nat
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Jubgtd: gbgdootubood

o UUU natU OO nnoooooonbbn
o JUUULUDOD O, sUbbbbUOOOLLn

Coq < Check S(5).
6
: nat
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JO0O000: Module ... End OO 0O [

Module ALl End ADOOUOOODODOOOOO
o JUULOLUDODLOUOOOLOOLODLDLOUOOO
»A. 00000ooggad
o JOUOODODDOOOOODDDOO
» 0. 00gooobbooooobob..

o JOUOOODDOOOOOLOODLDOOOOODDO
ooobobboggooobogoad
» 00000 EndO0D00O0O0OO

» 00 000oooobboooooooboobn
guoouobgooooobgd
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0000000 (ver.2)

Definition
(000) (00004) : (0004)) ... : (000) := (0)
(0 = (00)|[(OODOO)y|(O0)(O)| (matchO)
(match O ) = match (0 ) with
| (D000 )=(0)
| (00D00) = (0)
(0000) == (000O0)|(00)|(0000)(0000)
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Juoboguooguod

o SUUUUIUULLODLUOOLLLOLUUOOU
HEN

Coq < Check S.
S
: nat -> nat

o JUULDODOMO
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Definition U U U0 Fixpoint U U0

Coq < Fixpoint evenb (n:nat) : bool :=
Coq < match n with

Cog< |0 => true

Coq < | SO => false

Cog < | 8§ (S n’) => evenb n’

Coq < end.

evenb s recursively defined (decreasing on 1st argumen:
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Coq
Coq
Coq

Coq
Coq

Coq

Definition oddb (n:nat)
Example test_oddbl:

: bool := negb (evenb n).

(oddb (S 0)) = true.

Proof. simpl. reflexivity. Qed.

Example test_oddb2:
(oddb (5 (8

(S (8 0))))) = false.

Proof. simpl. reflexivity. Qed.
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Juobogubogdb: bgd

Coq < Fixpoint plus (n : nat) (m : nat) : nat :=

Coq < match n with

Coq < | 0 =>m

Coq < | Sn’” =>3S (plus n’ m)

Coq < end.

plus ts recursively defined (decreasing on 1st argument.

Coq < Eval simpl in plus (8 (S (S 0))) (S (S 0)).
=5
: nat
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Juobogubotdub:bbtgubotdn

| Sn’, Sm’ => minus n’ m’
end.

Coq
Coq

Coq < Fixpoint mult (n m : nat) : nat :=
Coq < match n with
Coq < | 0=>0
Coq < | S n’ =>plus m (mult n’ m)
Coq < end.
Coq < Fixpoint minus (n m:nat) : nat :=
Coq < match n, m with
Coq < | 0o , _ => 0
Coq < | s_, 0 =>n

<

<

o JUUOODLODDOOOOODODLDOOOOODODO
e 1IIIOIODOOOOOOOOOOOOO (L)
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Notation [ [ [ [

Coq < Notation "x + y" :=

Coqg <  (plus x y)

Coq < (at level 50, left associativity)
Coq < : nat_scope.

Coq < Check ((0 + 1) + 1).
0+1+ 1
: nat

e IODDDODDODODOO(OODDO)
- 0000000000000 0(@Oooo)ooo
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Coq
Coq
Coq
Coq
Coq
Coq
Coq
Coq
Coq
Coq
Coq

< Fixpoint beqmnat (n m : nat) : bool :=
< match n with

< | 0 => match m with

< | 0 => true

< | Sm’> => false

< end

< | S n’ => match m with

< | 0 => false

< | S m’ => begqnat n’ m’
< end

< end.
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0ooooao(2)

Coq < Fixpoint blemnat (n m : nat) : bool :=
Coq < match n with

Cog < | 0 => true

Cog < | §n” =

Coq < match m with

Coq < | 0 => false

Coq < | S m’ => blenat n’ m’

Coq < end

Coq < end.
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JO0:000000(0)000

Coq < Theorem plus_.0On : forall n:nat, O + n = n.
Coq < Proof.
Coq < simpl. reflexivity. Qed.

@ Theorem [0 U 00U
e UUOOO forall: UDOUOUODOUOODOOO

o plus UL DUOUOOOLODDLONO eOOOOOOO O
+elelUd

o 00 reflexivity O0OOOODO (simpl) DO DO
goad
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O00ano (ver2)

{Example,Theorem} (OO ) : (OO ).
Proof. (OO ) Qed.

(00) == (O0)=(0)
|  forall (OO ):(0),(00)
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o simpl: JUUUUDODUDOOOOLON

o reflexivity: U=00000000OO0OOOOO
Joodm
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Theorem (OO ODOOO0 nOO0ODO
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Juobogubgdoogdog..,

Theorem (OO OOOO nOOOO
O+n=n000)

n000000004+00000004+4n00000
Ond000000 (=000000)XA04+n=n0
UU0OnO0obooooobooooouoogoog

en000(000)000O0O000O0O
. 000000000000 (0,1,...)0000
00000000
en00000000O00D0O0O0O0O0O0ODOOO0OOO
0000000000000000 nO0000...0
000000
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...intros ] [ 0 I [

00 (assumption) 0 0000000000000

o UOUOLOOOLUOLOUOLODLDOLDLODODO

e J00DUOUODDODO (context) DO O OO
» J0...0000

Coq < Theorem plus_0On’’ : forall n:nat, O + n = n.
1 subgoal

I
3

forall n : nat, 0 + n

Coq < Proof.
1 subgoal

forall n : nat, 0 +n =n
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Cog< (xn OO0 (at DOODOOOOOODOOO) =)

Coq < intros n.
1 subgoal

n : nat

0O+mn-=n

Coq < reflexivity.
No more subgoals.

Coq < Qed.

intros n.
reflexivity.
plus_.0_n’’ 4s defined

000 O (0000)

FEEEERGCER)

October 7, 2014
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Jubogubogun
000nOmO0000000000n4+n=m+m0

Coq < Theorem plus_id_example : forall n m:nat,
Cog < n=m-—>
Cog< n+n=m+m.

Coq < Proof.

e >00000DO(OO, implication)
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Coq < intros n m.

Coq < intros H.

1 subgoal
n : nat
m : nat

H:n=m

n+n=m+m

o JUULULUDDUUUOOUUDLIUDLL intros UL O

» DAODODOBOOODAODDOOODDOOOOOOO
BOOO
» U0 gooooooogn
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Coq < rewrite -> H.

1 subgoal
n : nat
m : nat
H:n=m

m+ m=m+m

e 0 HOODODODOODODO (-»>)0DODODO
HRN
» U0 U000 00o0budgdl rewrite <- [
0d
o JUUULDODLOMO

Coq < reflexivity. Qed.
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rewrite 0000000000 DOOOOOOOO!

o intros U UUUOUULUODUOOUOLDODOO
oooooooog!

oo oooooboogooon
ooooooo!

(O)rewrite 0 ->0 <-0000000000O00OO0OOO
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Juobtd: bbb tgogd

0000000 (Dooo)ooooooooogd
Theorem plus_1_neq_O_firsttry : forall n : nat,
beq_nat (n + 1) 0 = false.
Proof.
intros n. simpl. (* does nothing! *)
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Juobtd: bbb tgogd

0000000 (Dooo)ooooooooogd

Theorem plus_1_neq_O_firsttry : forall n : nat,
beq_nat (n + 1) 0 = false.
Proof.

intros n. simpl. (* does nothing! *)

o +(plus)0 0000 (0 100)00O000O0000O
000000000O00n+ 1000000000
000

»S3SnUn+ 1000000
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n00000000000000000000000
0(@oooo)!
e (n=0000)n+100000 1000

o (n=5(.)000):n+100000Ss(SC..))0O
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destruct U O UOOOODOOOOON

Theorem plus_1_neq_0O : forall n : nat,
beg_nat (n + 1) 0 = false.
Proof.
intros n. destruct n as [| n’].
reflexivity. (*x n =0 OO0 =*)
reflexivity. (x n = S(...) OO0 *)
Qed.

o IUIDDUOUODODOOUDDOUUODDOOODO
» J0 000000000 reflexivity DD OO
o IIIDDOIOUUIDDUOUDDDUUOD nODOO
» 0000: beg_nat (0 + 1) 0 = false
» SODODO: beq_nat (S n’ + 1) 0 = false
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Juboguogd

Theorem plus_1_neq_0O : forall n : nat,
beg_nat (n + 1) 0 = false.
Proof.
intros n. destruct n as [| n’].
reflexivity. (x n =0 OO0 *)
reflexivity. (* n = S(...) OO0 %)
Qed.

o ...'0ODODODODOOOOO

» 0000000 |oboboboo
» 0000 =00004ad

o JUUUOLDLODLDOUOOOLLOLDbUOOOLODO
» U0 0ogooooogn
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e D0DDDD n 0000 P(S 1)

00000000000000000000
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o CoqUIOOUODODO

» Inductive 000 (DO O)0OOODO

» Definition, Fixpoint 000 (D O)0 OO0

» Theorem, Example U U O OO OOOO OO
oooooo

]
simpl, reflexivity U 0O U OO0
0000 forallUO O ->0 intros

0000 oddibibd: rewrite U
O 0d o

o JUUUDUDDOMNO: destruct U U UL O
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OO0 CogqiIDEODODODOOO
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00)0

e J0DODODOOO CoqIIOIOIOOOIOIDDDODODO
O000000000
» 00O Admitted. DO OO0O0OO0OOOOOOOOO

O000oo0oOooo
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Proof General O OO OO OO O

C-c C-n | Next Step

C-c C-u | Undo

C-c RET |0 0000000000000 (@CDO)
C-c C-p | 0000O0DODO(DODO)OOO

C-c C-t|UUboooououoddoonn
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