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Jubogyno

Q:mult 1 plus DO OO Orewrite 0000
O simpl OO0O0O0O0O0O0ODOOOOODODOO
Oo0oooood

Theorem mult_1_plus : forall n m : nat,
(1 +n) *m=m+ (n *xm.

Proof.
intros n m. simpl. reflexivity.
(x simpl OO OO ! %)

Qed.
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o OO CoqUUIODODO ODODOOOOO

OO00OOrewrte U0 O OOOOOOOOOOO
goooooogn

erewrite HUUUDUDODOOOOODO

e Urewrite U O ODOODODOOMODOODOODOO
HEN
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Q: mult comm 1 OO0 0O OO

Theorem mult_comm : forall m n : nat,
m*mn=mn % m.
Proof.

intros m n. induction m as [| m’].

goooooooouot:
@0 *n=mn=x*20
» Jogogooogguoooood
eSm’*n=nx*3Sm’ (IHO m’ *n=mnx*mn’)
» JO0000000 m? +m”> xnO00O0IHOO
U0m’ +n*xm” DO0OOOOOOOO
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Juoboguooguod

e plus_swap 000 O00O0DODOOODODOODO(O
000000000000 Ooooon)ooood

o UDUDDDDUUU plus_swap U U U

o Hassert U UUUUDLDODOOOUOULDLODLOOO

plus_swap UL OO OOODOOOOOOOODOOO
Dogoobobbboogod
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Lists.v

e J0ODUOIO(DODO)
e JOODODODO

e J0ODODODOOOO

e JOOODODO
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Jubogyno
00000200000000000000000

Inductive natprod : Type :=
pair : nat - nat - natprod.

o JUULULDODUOOLODLDOOO

e pair: JUUUUDUDUONO natprod UL
» product ... (0O 0)00OOCOO
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U oo tguod

Definition fst (p : natprod) : nat
match p with
| pair x y => x
end.

Definition snd (p : natprod) : nat
match p with
| pair x y => y
end.

@ fst ... first
@ snd ... second
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Notationl 1 0J 000000 OO

Notation "( x , y )" := (pair x y).

Definition fst’ (p : natprod) : nat :=
match p with
| (x,y) => x
end.

Definition swap_pair (p : natprod) : natprod :=
match p with
| (x,y) => (y,x)
end.
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Juboggboutdboodgubd

(1 O : Surjectivity of pairing
Oodoodooootootoooooooooouon
(DOoDDODoDDODODODODODODDODODODODODODOOOOO
0oo)

CoqUOOooonoi1
Theorem surjective_pairing’
forall (n m : nat),
(n,m) = (fst (n,m), snd (n,m)).
Proof. reflexivity. Qed.
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Juooguod

0o 2
Theorem surjective_pairing :

forall (p : natprod), p = (fst p, snd p).
Proof.

intros p. destruct p as (n,m). reflexivity.
Qed.

o JUULOLDLODLDOUOOOLDONO

o UUU intro U IO
» destruct p as [n m] OO OK
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e JOODODODO

e J0ODODODOOOO
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Jubogyno

0000 0o)opoooogooooogoooo

gogd
gooooon:

e 0000 (nil) -« 00OOODODOO(DD)
e 100000000 O00000O000 (cons)
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Juoboguooguod

Inductive natlist : Type :=
| nil : natlist
| cons : nat -> natlist -> natlist.

(000)0000000;
e 00D (ril))00O0ODOODO

o UUUnUUOUOUOLOLOD 10OLODLOUOOODOO
(cons n 1))0O0O00ODO0O0O

ooooooooooooo!
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ooty

econsUOODOOODDUOOODDO n:: |
o UOODDOUUDDO [n, m, ...]
» v OO0ooooooooobon

OO000000O00O000O0o0oon:
Definition mylistl :=1 :: (2 :: (3 :: nil)).

Definition mylist2 := 1 :: 2 :: 3 :: nil.
Definition mylist3 := [1,2,3].
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0000000 (1): repeat
n count OO OOOOO

Fixpoint repeat (n count : nat) : natlist :=
match count with
| 0 => nil
| S count’ => n :: (repeat n count’)
end.
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0000000 (2): length
00o000:

Fixpoint length (1l:natlist) : nat :=
match 1 with
| nil => 0
| h :: t => S (length t)
end.
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0000000 (3): app(end)
000000

Fixpoint app (11 12 : natlist) : natlist :=
match 11 with

| nil => 12
| h :: t =>h :: (app t 12)
end.

e app 11 120 (00D)ODOO: 11 ++ 12

Example test_appl: [1,2,3] ++ [4] =
Example test_app2: nil ++ [4,5] = [4,5].
Example test_app3: [1,2,3] ++ nil =
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0000000 (4): hd, t

hd [0 car, t1 U cdr

Fixpoint length (1l:natlist) : nat :=
match 1 with

| nil => 0
| h :: t => S (length t)
end.

e 000 nil0000000O00000O0ODO (OO
00 nil) 000
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Bags via Lists

@ bagsaka multiset (JO0OOD0): JO0ODOODOOO
oooobd

e J00DOO(0O)ODO

Definition bag := natlist.

e JUUIDDDOODOOUUUOO Definition!

0ooo O (oooo) 00000 (00 3) October 30, 2012 20 / 49



JO000: Baghdo

@ count v s: bhags OO0 vOOOOO
esum a b: 0000 baga, bO00OOOOO
@add v s: bags OO0 vOQOO
@ member v s: bags OO0 vOOO

» count J U U Fixpoint UUUOUOUOOOOON
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e J0DUOIO(DODO)
e JIODODODO

e J0ODODODOOOO

e JOOODODO
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o vstdd

Inductive natlist : Type :=

| nil : natlist

| cons : nat -> natlist -> natlist.
0
Inductive nat : Type :=

| 0 : nat

| S : nat -> nat.

e JO0DDDOUIOD(DODO)DDODOO!
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000 vsOO0O (2)

Fixpoint app (11 12 : natlist) : natlist :=
match 11 with

| nil  => 12
| cons h t => cons h (app t 12)
end.

O
Fixpoint plus (n m : nat) : nat :=
match n with
| 0 =>m
| S n’> =>S (plus n’ m)
end.
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Juboguogd

Theorem nil_app : forall l:natlist,
[J ++1=1.

Proof.
reflexivity. Qed.

guoouobodooobbougoobbbod

Theorem app_nil_end : forall l:natlist,
1 ++ [1 =1.
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Jubogubogun

Theorem tl_length_pred : forall l:natlist,
pred (length 1) = length (tail 1).
Proof.
intros 1. destruct 1 as [| n 1’].
Case "1 = nil".

reflexivity.
Case "l = cons n 1°".
simpl.

reflexivity. Qed.

o intro UL UIODION

000 O (0000) 0oooo (0o 3) October 30, 2012

26 / 49



Jo0ooooogoo
P)D (00OO)0OO 1000000000000

Doooooooooooan

0000000 10000 P(DODOOOOOO

e P(nil) OO

e JIIUOO nOOODOVOODODO P()TOoO
P(n::l')

000000000000P(n::¥)00000000
000000000 POOOOOOOOO (0OO
P(')) 0000000

e P(V) DO O DOOOOOO (induction hypothesis, IH)
Ood
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Jubgtd: gbotguod
P(n) 0000000000000000000

ooooogon

0000000 nO0O0O00 P(M)OOOOOOO
e P(0) OO

o D0DD0DD W ODOD P()0D0 P(S ')

O000000o0oooOoP(Sn)000O0oO0OOd

0000000 POOOOOOOOO (D00 P(n))

goooood

e P(n) DO OODOOOOO (induction hypothesis, I1H)
oad
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++ 0000

Theorem app_ass : forall 11 12 13 : natlist,
(11 ++ 12) ++ 13 = 11 ++ (12 ++ 13).
Proof.
intros 11 12 13. induction 11 as [| n 11°].
Case "1l1 = nil".
reflexivity.
Case "11 = cons n 11°".
simpl. rewrite —-> IH11’. reflexivity.
Qed.

o UUODDOUODDOOODDO!
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informal vs formal proofs [J [

o CoqUUIDDUIDOUUIDODDOO

o JUUOLDDOUOOOLDLDLUOOOLDLDLOO
HEN

e I00DDODODDODDDOD(DOODODOO
Ooo0o0O0)ooooood
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app Uy
O0: 000 1m,12,130000

11 ++ (12 ++ 13) = (11 ++ 12) ++ 13 000

O0: No0oooooood
o ll=[10000

0 ++ (12 ++ 13) = ([1 ++ 12) ++ 13

pooobooooouod +~+oooooogog

0ooo o (oooo) 00000 (00 3)

October 30, 2012
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e ll=n::10000
117 ++ (12 ++ 13) = (117 ++ 12) ++ 13
ooon
(n::11) ++ (12 ++ 13) = ((n::11") ++ 12) ++ I3
0000000000+ 000000000
n:: (117 ++ (12 ++ 13)) = n::((11" ++ 12) ++ 13)

O000000000O0OoOoOoOoOoOoOoOo(@Oon)
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Juooguod

Theorem app_length : forall 11 12 : natlist,
length (11 ++ 12) = (length 11) + (length 12)
Proof.
intros 11 12. induction 11 as [| n 11°].
Case "1l1 = nil".
reflexivity.
Case "1l1 = cons".
simpl. rewrite —-> IH11’. reflexivity.
Qed.
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Juboguogd

Fixpoint snoc (l:natlist) (v:nat) : natlist :=
match 1 with

| nil => [v]
| h :: t =>h :: (snoc t v)
end.

Fixpoint rev (1l:natlist) : natlist :=
match 1 with
| nil => nil
| h :: t => snoc (rev t) h
end.
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Theorem rev_length_firsttry :
forall 1 : natlist,
length (rev 1) = length 1.
Proof.
intros 1. induction 1 as [| n 1°].
Case "1 = []".

reflexivity.
Case "1 = n :: 1°".
simpl.

rewrite <- IH1’.
Admitted.
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snoc [l [0 0I 00T ...

Theorem length_snoc :
forall (n : nat) (1 : natlist),
length (snoc 1 n) = S (length 1).
Proof.
intros n 1. induction 1 as [| n’> 1°].
Case "1 = nil".
reflexivity.
Case "1 = cons n’ 1°".
simpl. rewrite -> IH1’. reflexivity.
Qed.
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Looooooog!

Theorem rev_length : forall 1 : natlist,
length (rev 1) = length 1.
Proof.
intros 1. induction 1 as [| n 1’].
Case "1 = nil".
reflexivity.
Case "1 = cons".
simpl. rewrite -> length_snoc.
rewrite -> IH1’. reflexivity. Qed.

000 O (0000) 0oooo (0o 3) October 30, 2012

37 /49



o000 (oOoD0ool)
gobodddoooood

O0. 000 n0O 1000
length (snoc I n) = S(length I) OO OO

OO0:10g0ooogood
o l=[] 0000

length (snoc [1 n) = S(length [1)

O00o0o0oooooodd length,snoc OO 00O
o000
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ol=rn"::0O0O0OO
length (snoc I’ n) = S(length I')
ooogod
length (snoc (n’::I') n) = S(length (n’: :I')

O00000000O0Olength,snoc 0O 0O0OOOMO
00

S(length (snoc I' n) = S(S(length I'))

0000000000000000000000(0
0o)
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O0: 000000 1000
length (rev I) = length |
OO0: 1000000000
ol=[10000

length (rev [1) = length []

DoooooooOoo0o0gd rev,length DO OO

goooo
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o l=n::000OO0OIlength (rev ') = length I’ O
HRERN

length (rev (n::l')) = length (n::I')

OO0D0D0D00000Orevylength OO0 0O0OO
OO

length (snoc (rev I') n) = S (length I)
Dogooooooooood
S (length (rev I')) = S (length I')

oooobbooooooobooood
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00000 (0OoDO000?2)
goboboddoooooooddd

Oo0.00o00oo oo
length (rev I) = length |

ERERN
length (snoc I n) =S (length I)

000 (000 l0o000000o0oo00O)oooooo
O0000OooOoIioDbooobooobobooon
0000 I=n::O0000000O00ODOOOCOO
goooobbooodan

goduobboooouobogooooobod
goobobbgoooooboogoooob g
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O 00O0MO: SearchAbout

o lIUDDUUODDOOUOUDDUUDDbObOOOD!

@ SearchAbout foo UUUOUOO fooUUDOOONO
Oodgooogo!

@ proofgeneral 00 C-c C-a C-b (0O OOOOOO
0o0)
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Lists.v

e J0DUOIO(DODO)
e JIODODODO

e JIDODODDOOODO

e JOODODODO

o = = = = 9aco
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Jubogyno
0000000000

Inductive natoption : Type :=
| Some : nat -> natoption
| None : natoption.

@ Some 5
@ Some 42
@ None
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Juoboguooguod

U000 n0DO00O0O0O00DODOO index
enUUOOOOOOOODOOOOOO

Fixpoint index_bad (n:nat) (l:natlist) : nat :=

match 1 with

| nil => 42 (% arbitrary! *)

| a :: 1” => match beq_nat n 0 with
| true => a
| false => index_bad (pred n) 1’
end

end.

000 O (0000) 0oooo (0o 3) October 30, 2012 46 / 49



Jubguoogtdoo...

o UUUUUUDLOUNOO Some
e UUUOUUDOUUDOUOUUOUDOOO None

Fixpoint index (n:nat) (1l:natlist)

: natoption :=

match 1 with

| nil => None

| a :: 1’ => match beq_nat n 0 with
| true => Some a
| false => index (pred n) 1’
end

end.
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(I : if-then—else

| a :: 1’ => if beg_nat n 0 then Some a
q
else index (pred n) 1’

e bool IIDOIOUIDODDODOODODOO
inductive type D O OO OO DOO!

o UIUDUUNO thenl
o LU IUDN elsell
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000 11/7 00 10:00 0O

@ Exercise: snd_fst_is_swap (1), list_funs (2),
alternate (3), bag_functions (3),
list_exercises (3), beq_natlist (2)

o JUUUDLDDMN Lists.vULODODLOOOOOONO
Jooooooogoogo

o HUOUOLODOODODOOO:

. 0000000000000000000000
0000000000000(@0O00000000
0oo)

. 0000000000000000000000
O(web00)DOOO00O0O0O0O00OO0OO
(URLO O)O
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