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Capitulo 1

Introduccion

Este libro es una coleccién de soluciones de ejercicios de ldgica proposi-
cional formalizadas con Lean que complementa el libro de Légica con Lean.

En cada capitulo va entrando en juego una nueva conectiva y para cada
uno de los ejercicios se formalizan las soluciones en distintos estilos:

» aplicativo usando tacticas con razonamiento hacia atras,

m declarativo (o estructurado) con razonamiento hacia adelante,
= funcional con términos del tipo especificado y

= automatico.

Las demostraciones funcionales se obtienen mediante una sucesién de
transformaciones de una aplicativa (o declarativa) eliminando elementos no
esenciales.

Ademas, al final de cada ejercicio se encuentra un enlace al cédigo y otro
a una sesion de Lean en la Web que contiene la solucién del ejercicio.


https://leanprover-community.github.io/
https://github.com/jaalonso/Logica_con_Lean/raw/master/Logica_con_Lean.pdf

Capitulo 1. Introduccién




Capitulo 2

Ejercicios sobre condicionales

- Ejercicio. Demostrar
p-4q, ptq

import tactic
variables (p g : Prop)

- 12 demostracidn

example
(Hpg : p — q)
(Hp = p)
1 q =

Hpg Hp

- 22 demostracién

example
(Hpq : p — Q)
(Hp @ p)
Qo=

by taut

Enlaces al cédigo y a la sesidén en Lean Web. y al video.


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/Pruebas_de_p_⟶_q,_p ⊢_q.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/Pruebas_de_p_⟶_q,_p ⊢_q.lean
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2.2. p—>q,q—nLptr

-- Ejercicio. Demostrar
-- p—4q q—r, pkr

import tactic
variables (p q r : Prop)

-- 12 demostraciém

example
(Hpq : p — q)
(Hgr : g — r)
(Hp @ p)
D ro=

begin
apply Hagr,
apply Hpq,
exact Hp,

end

-- 22 demostraciém
example
(Hpg : p —
(Hgr : q —
(Hp : p)
3 F oa=
begin
apply Har,
exact Hpq Hp,
end

aq)
r)

-- 32 demostraciém
example
(Hpg : p —
(Hgr : q —
(Hp : p)
e =
begin
exact Hqr (Hpg Hp),
end

aq)
r)

-- 32 demostraciom



23. p—=(Q—=n,p—q,pkr

example
(Hpq : p —
(Hgr : g —
(Hp : p)
. r =
Har (Hpq Hp)

q)
r)

-- 42 demostraciém
example
(Hpq : p — Q)
(Hgr : q — r)
(Hp : p)
L roi=
by tauto

-- 52 demostracidm
example
(Hpg @ p — Q)
(Hgr : g — r)
(Hp : p)
. r o=
have Hq : q,
from Hpq Hp,
show r,
from Hqr Hq

Enlaces al cédigo y a la sesidén en Lean Web.

2.3. p—-((qgq—-r),p—q,ptr

-- Ejercicio. Demostrar
-~ p—=>(q@—=>r),p—=>q pkr

import tactic
variables (p g r : Prop)

-- 12 demostracién
example
(Hpgr : p — (g — r))
(Hpg : p — q)
(Hp ! p)


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p→q,q→r,p⊢r.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p→q,q→r,p⊢r.lean
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r:=
begin
have Hqr : g — r, from Hpqr Hp,
apply Hqr,
apply Hpq,
exact Hp,
end

-- 22 demostracion
example
(Hpgr : p — (g — r))
(Hpg @ p — Q)
(Hp  : p)
r o=
begin
have Hqr : g — r, from Hpqr Hp,
apply Har,
exact Hpq Hp,
end

-- 32 demostracién
example
(Hpgr : p — (g — r))
(Hpg @ p — q)
(Hp  : p)
D ro=
begin
have Hqr : q — r, from Hpqr Hp,
exact Hgr (Hpq Hp),
end

-- 42 demostracion
example
(Hpgqr : p — (q@ — r))
(Hpg @ p — q)
(Hp ! p)
Dr o=
(Hpgr Hp) (Hpqg Hp)

-- 52 demostracidn
example
(Hpar : p — (g — 1))
(Hpg @ p — q)
(Hp  : p)
SR =



24. p—>q,q—>rEp—r

-- by hint
by finish

Enlaces al cédigo y a la sesion en Lean Web.

24. p—-q,q—orEp—r

-- Ejercicio. Demostrar
== p—>q, q—>rtktp—r

import tactic
variables (p g r : Prop)

-- 12 demostracidn
example
(Hpq : p —
(Hgr : q —
T p — r o=
begin
intro Hp,
apply Hagr,
apply Hpq,
exact Hp,
end

q)
r)

-- 22 demostracion
example
(Hpq : p —
(Hgr : g —
tp —> r o=
begin
intro Hp,
apply Har,
exact Hpqg Hp,
end

q)
r)

-- 32 demostracion

example
(Hpg @ p —
(Hgr : g —
r =]


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p→(q→r),p→q,p⊢r.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p→(q→r),p→q,p⊢r.lean
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begin

intro Hp,

exact Hqr (Hpg Hp),
end

-- 42 demostracion
example
(Hpg : p —
(Hgr : g —
T p — r o=
A Hp, Hagr (Hpg Hp)

q)
r)

-- 52 demostracidn
example

(Hpg @ p — Q)

(Hgr : g — r)

tp > r o=
assume Hp : p,
have Hq : q,

from Hpq Hp,
show r,

from Hqr Hq

-- 62 demostracidn
example

(Hpg @ p — Q)

(Hgr : g — r)

T p > r o=
assume Hp : p,
have Hq : q,

from Hpq Hp,

Hqr Hq

-- 72 demostracién
example
(Hpg : p — q)
(Hgr : q — r)
T p — r o=
assume Hp : p,
Har (Hpq Hp)

-- 82 demostracidn
example
(Hpg @ p — Qq)
(Hgr : g — r)



25. p—>(g—=nNFg—=(p—r)

T p = r o=
A Hp, Hagr (Hpg Hp)

-- 92 demostracion
example
(Hpg : p — q)
(Hgr : q — r)
T p — r o=
-- by hint
by tauto

-- 102 demostraciodn
example
(Hpg : p — q)
(Hgr : g — r)
T p —> r o=
by finish

Enlaces al cédigo y a la sesidn en Lean Web.

2.5. p—-(qgq—-r)Fqg—(p—rT)

-- Ejercicio. Demostrar
- P2 (q@=r)Fqg= (p—T)

import tactic
variables (p g r : Prop)

-- 12 demostracion
example
(Hpgr : p — (q — r))
:q — (p = r) :=
begin
intro Hq,
intro Hp,
have Hqr : q — r,
from Hpgr Hp,
apply Har,
exact Hq,
end


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p→q,q→r⊢p→r.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p→q,q→r⊢p→r.lean
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-- 22 demostracién
example
(Hpar : p — (g — r))
:q — (p—>r) :=
begin
intro Hq,
intro Hp,
have Hqr : q — r,
from Hpqr Hp,
exact Hgqr Hq,
end

-- 32 demostracion
example
(Hpgr : p
cq — (p
begin
intro Hq,
intro Hp,
exact (Hpgr Hp) Hq,
end

-- 42 demostracidn
example

(Hpgr = p — (g — 1))

:q — (p—>r) :=
begin

intros Hq Hp,

exact (Hpgr Hp) Hq,
end

-- 52 demostracion
example
(Hpgr : p — (q — r))
:q — (p—>r) :=
A Hg Hp, (Hpgr Hp) Hg

-- 62 demostracion
example

(Hpgr : p — (q — 1))

:q — (p—> r) :=
begin

intros Hg Hp,

apply Hpqr,

{ exact Hp, },



25. p—>(g—=nNFg—=(p—r)
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{ exact Hq, 7,
end

-- 72 demostracioén
example
(Hpgr : p — (q — 1))
:q — (p — r) :=
assume Hq : q,
assume Hp : p,
have Hqr : q — r,
from Hpqr Hp,
show r,
from Hgr Hq

-- 82 demostracioén
example
(Hpgr : p — (q — 1))
:q — (p — r) :=
assume Hq : q,
assume Hp : p,
have Hqr : g — r,
from Hpqr Hp,
Hqr Hq

-- 92 demostracién
example
(Hpgr : p — (g — r))
g~ (p = r) =
assume Hq : q,
assume Hp : p,
(Hpgr Hp) Hqg

-- 102 demostracioén
example
(Hpgr : p — (g — r))
:q — (p = r) :=
A Hg Hp, (Hpgr Hp) Hq

-- 112 demostracioén
example
(Hpgr : p — (g — r))
:q — (p— r) :=
-- by hint
by tauto
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-- 122 demostracién
example
(Hpgr : p — (g — r))
:q — (p—>r) :=
by finish

Enlaces al cédigo y a la sesion en Lean Web.

26. p—-(q—-nrF(p—-9q)—=(p—r)

-- Ejercicio. Demostrar
-- p—(q—>r)F(p—q) — (p—rT)

import tactic
variables (p g r : Prop)

-- 12 demostracion
example
(Hpgr : p — (q — r))
(p > 49d) = (p = r) :=
begin
intros Hpq Hp,
have Hqr : g — r,
from Hpgr Hp,
apply Har,
apply Hpq,
exact Hp,
end

-- 22 demostracion
example
(Hpgr : p
(p — q)
begin
intros Hpq Hp,
have Hqr : q — r,
from Hpqgr Hp,
apply Har,
exact Hpq Hp,
end

)

— (g = r)
— (p = r) :=

p


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p→(q→r)⊢q→(p→r).lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p→(q→r)⊢q→(p→r).lean
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-- 32 demostracidn
example
(Hpgr : p — (g — 1))
(p —q) — (p — r) :=
begin
intros Hpqg Hp,
have Hqr : q — r,
from Hpqr Hp,
exact Hqr (Hpg Hp),
end

-- 42 demostracidn
example

(Hpgr : p — (q — r))

(p —>q) — (p — r) :=

begin

intros Hpq Hp,

exact (Hpgr Hp) (Hpg Hp),
end

-- 52 demostracidn
example
(Hpgr : p — (q — r))
(p —>4q) — (p = r) :=
A Hpg Hp, (Hpgr Hp) (Hpqg Hp)

-- 62 demostracion

example
(Hpgr : p — (q — r))
(p —>q) — (p — r) :=

assume Hpg : p — q,
assume Hp : p,
have Hqr : q — r,
from Hpqgr Hp,
have Hq : q,
from Hpg Hp,
show r,
from Hgr Hq

-- 72 demostracion

example
(Hpgr : p — (g — r))
(p—q) = (p = r) :=
assume Hpg : p — (q,

assume Hp : p,
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have Hqr : q — r,
from Hpgr Hp,
have Hq : q,
from Hpqg Hp,
Hqr Hq

-- 82 demostracién
example

(Hpgr : p — (g — r))

(p —q) - (p —>r) :=

assume Hpgq : p — q,
assume Hp : p,
have Hgr : q — r,

from Hpqr Hp,
Har (Hpg Hp)

-- 92 demostracion
example
(Hpgr : p — (q — r))
(p =>4d) = (p = r) :=
assume Hpg : p — q,
assume Hp : p,
(Hpgr Hp) (Hpg Hp)

-- 102 demostracién
example
(Hpgr : p — (q — r))
(p > q) - (p—>r) :=
A Hpq Hp, (Hpgr Hp) (Hpqg Hp)

-- 112 demostracién
example
(Hpgr : p
(p — q)
-- by hint
by finish

Enlaces al cédigo y a la sesidon en Lean Web.

2.7. prq—p


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p→(q→r)⊢(p→q)→(p→r).lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p→(q→r)⊢(p→q)→(p→r).lean

-- Ejercicio. Demostrar
- pt-aqg—p

import tactic
variables (p g : Prop)

-- 12 demostracién
example

(Hp : p)

tq — p =
begin

intro Hq,

exact Hp,
end

-- 22 demostracidn
example

(H: p)

g — p =
A, H
-- 32 demostracioén
example

(Hp : p)

tq — p =
assume Hq : q,
show p,

from Hp

-- 42 demostracion

example
(Hp : p)
:qQ — p =

-- by library search
imp_intro Hp

-- 52 demostracién
example
(Hp : p)
cq — p =
-- by hint
by tauto
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-- 62 demostracidn
example

(Hp @ p)

1 q — p =
by finish

Enlaces al cédigo y a la sesion en Lean Web.

2.8. -p— (q— p)

-- Ejercicio. Demostrar
- - Fp — (g = p)

import tactic

variables (p g : Prop)

-- 12 demostracion
example :
p— (q = p) :=
begin
intros Hp Hq,
exact Hp,
end

-- 22 demostracion

example :
p — (g — p) :=
A Hp , Hp

-- 32 demostracioén
example :

p— (q = p) :=
assume Hp : p,
assume Hq : q,
show p,

from Hp

-- 42 demostracion
example :
p— (g = p):=

-- by library search


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p⊢q→p.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p⊢q→p.lean
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imp intro

-- 52 demostracion
example :

p — (g — p) :=
-- by hint
by tauto

-- 62 demostracidn
example :

p— (@ — p) :=
by finish

Enlaces al cédigo y a la sesidén en Lean Web.

2.9. p—-q-(q—r)—(p—r)

-- Ejercicio. Demostrar
- - p—qt(q—=r)—(p—r)

import tactic
variables (p g r : Prop)

-- 12 demostracién
example

(Hpq : p — q)

(@ =>r) — (p—>r):=

begin

intros Hgr Hp,

apply Hqr,

apply Hpq,

exact Hp,
end

-- 22 demostracion
example
(Hpq : p — q)
(@ —=>r) = (p—r) =
begin
intros Hqr Hp,
apply Hagr,


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/⊢p→(q→p).lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/⊢p→(q→p).lean
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exact Hpqg Hp,
end

-- 32 demostracién
example

(Hpg @ p — q)

(g —=>r) — (p—r)

begin

intros Hgr Hp,

exact Hgqr (Hpq Hp),
end

-- 42 demostracién
example
(Hpq : p — Q)
(g =-r) = (p —r)
A Hqr Hp, Hagr (Hpg Hp)

-- 52 demostracion

example

(Hpg : p — q)

(@ —>r) - (p—>r)
assume Hgqr : q — r,

assume Hp : p,
have Hq : q,
from Hpqg Hp,
show r,
from Hqr Hq

-- 62 demostracion

example

(Hpg : p — q)

(@ =>r) - (p—>r)
assume Hgqr : q — r,

assume Hp : p,
have Hq : q,

from Hpqg Hp,
Hqr Hq

-- 72 demostracidn
example
(Hpg @ p — Q)
(@ =>r) = (p = r)
A Hqr Hp, Hqr (Hpqg Hp)



210. p—=(q—=(r—=s)Fr—=(g—(p—1s))

-- 82 demostracidn
example
(Hpg @ p — q)
(g —>r) - (p—>r) :=
-- by hint
by tauto

-- 92 demostracidn
example
(Hpg @ p — Q)
(g —>r) - (p—>r) :=
by finish

Enlaces al cédigo y a la sesidon en Lean Web.

2.10. p—-(qg—-(r—s))-rr—(q— (p — s))

-- Ejercicio. Demostrar
- p—(q@— (r—>5s))tr—(— (p—5s))

import tactic
variables (p q r s : Prop)

-- 12 demostracidn
example
H:p—= (qg— (r—15)))
:r— (g — (p — s)) :=
begin
intros Hr Hg Hp,
apply H,
{ exact Hp, 7},
{ exact Hq, },
{ exact Hr, },
end

-- 22 demostracién
example
(H: p— (g — (r—5)))
:r —- (q — (p — s)) :=
begin
intros Hr Hg Hp,


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p→q⊢(q→r)→(p→r).lean
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exact H Hp Hq Hr,
end

-- 32 demostracién
example
(H: p— (g—= (r—s)))
r—- (g — (p—s)) :=
A Hr Hq Hp, H Hp Hg Hr

-- 42 demostracion

example
H:p—= (qg— (r—15)))

r—- (g — (p— s)) :=

assume Hr : r,

assume Hq : q,

assume Hp : p,

have H1 : q — (r — s),
from H Hp,

have H2 : r — s,
from H1 Hq,

show s,
from H2 Hr

-- 52 demostracion
example
(H: p— (g—= (r—s)))
r—- (qg— (p —s)) :=
assume Hr : r,
assume Hq : q,
assume Hp : p,
have H1 : q — (r — s),

from H Hp,

have H2 : r — s,
from H1 Hq,

H2 Hr

-- 62 demostracion

example
(H: p— (g—= (r—s)))

r— (g — (p—s)) :=

assume Hr : r,

assume Hq : q,

assume Hp : p,

have H1 : q — (r — s),
from H Hp,



211. F(p—=(@—=nnN)—=Up—q) = (p—T1))

(H1 Hq) Hr

-- 72 demostracion
example
(H:p — (g—
:r— (g — (p — )) =
assume Hr : r,
assume Hq : q,
assume Hp : p,
((H Hp) Hg) Hr

S
n
~
~
~

-- 82 demostracion
example
(H :

-- 92 demostracidn

example
(H:p— (qg—= (r—5)))
:r — (g — (p — s)) :=

-- by hint

by finish

Enlaces al cédigo y a la sesidon en Lean Web.

2.11. F(p—-(g—-r))—=WUp—q) = (p—T))

-- Ejercicio. Demostrar
-- E(p—=(q—>r)) = ((p—>q) — (p—=7T))

import tactic
variables (p g r : Prop)

-- 12 demostracion
example

(Hpgr : p — (q@ — r

:(p—>q) — (p —
begin

intros Hpqg Hp,

apply Hpgr,

~
~

1
-
Il
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{ exact Hp, 1},
{ apply Hpq,
exact Hp, 1},
end

-- 22 demostracion

example
(Hpgr : p — (q — r))
(p =>49d) = (p = r) :=
begin
intros Hpqg Hp,
apply Hpar,
{ exact Hp, },
{ exact Hpq Hp, },
end
-- 32 demostracion
example
(Hpgr : p — (q — r))
(p—>9q) = (p —r) :=
begin

intros Hpg Hp,
exact Hpgr Hp (Hpq Hp),
end

-- 42 demostracion
example
(Hpgr : p — (q — r))
(p = 4ad) — (p — 1)
A Hpg Hp, Hpgr Hp (Hpg Hp)

-- 52 demostracion

example
(Hpgr : p — (g — r))
(p—>9q) = (p—r) :=
assume Hpg : p — q,

assume Hp : p,
have Hq : q,

from Hpqg Hp,
have Hqr : q — r,

from Hpqgr Hp,
show r,

from Hgr Hq

-- 62 demostracion
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example

(Hpgr : p —

(p = q) —

assume Hpq : p
assume Hp : p,
have Hq : q,

from Hpqg Hp,
have Hqr : g — r,

from Hpqgr Hp,
Hqr Hq

(q — r))
(p — r) :=

— q,

-- 72 demostracion

example
(Hpgr : p — (g — r))
(p—4a) = (p = r) :=
assume Hpg : p — q,
assume Hp : p,
have Hq : q,
from Hpqg Hp,
(Hpar Hp) Hqg
-- 82 demostracién
example
(Hpgr : p — (q — 1))
(p —9q) = (p = r) :=
assume Hpg : p — (q,

assume Hp : p,
(Hpar Hp) (Hpg Hp)

-- 92 demostracién
example
(Hpgr : p — (q — r))
(p —q) — (p — r)
A Hpg Hp, (Hpgr Hp) (Hpq Hp)

-- 102 demostracioén
example
(Hpgr : p —
(p — q) —
-- by hint
by finish

r))

(q )
( r) :=

—
p —

Enlaces al cédigo y a la sesién en Lean Web.
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2.12. (p—~q)—>rt-p—(q—r)

-- Ejercicio. Demostrar
- - (p —q) - rt-p—=(q—r)

import tactic
variables (p q r : Prop)

-- 12 demostracién
example

(Hpgr : (p — q) — r)

tp— (g —>r) :=
begin

intros Hp Hq,

apply Hpqr,

intro Hp,

exact Hq,
end

-- 22 demostracidn
example

(Hpgr : (p — q) — r)

p— (g —r) :=

begin

intros Hp Hq,

apply Hpqr,

exact (A Hp, Hq),
end

-- 32 demostracién
example

(Hpgr : (p — q) — )

cp — (q - r) :=
begin

intros Hp Hq,

exact Hpgr (A Hp, Hq),
end

-- 42 demostracion
example
(Hpgr : (p — q) — )
:p — (q - r) :=
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A Hp Hq, Hpgr (A Hp, Hq)

-- 52 demostracioén
example

(Hpgr : (p — q) — r)

:p — (q - r) :=
assume Hp : p,
assume Hq : q,
have Hpg : p — q,

{ assume p,

show q,
from Hq },

show r,

from Hpqgr Hpqg

-- 62 demostracion
example

(Hpgr : (p — q) — )

p — (q — r) :=
assume Hp : p,
assume Hq : q,
have Hpg : p — q,

{ assume p,

show q,
from Hq },

Hpar Hpq

-- 72 demostracidn
example
(Hpgr : (p — q) — r)
tp— (g —>r) :=
assume Hp : p,
assume Hq : q,
have Hpg : p — q,
from (A p, Hq),
Hpar Hpq

-- 82 demostracién
example
(Hpgr : (p — q) — r)
:p— (g = r) :=
assume Hp : p,
assume Hq : q,
Hpar (A p, Hq)
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-- 92 demostracidn
example
(Hpgr : (p — q) — r)
tp— (g > r) :=
A Hp Hg, Hpgr (A p, Hq)

-- 102 demostracioén
example
(Hpgr : (p — q) — )
:p — (q — r) :=
-- by hint
by finish

Enlaces al cédigo y a la sesidon en Lean Web.
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Capitulo 3

Ejercicios sobre

- Ejercicio. Demostrar
p, gk pAgq

import tactic
variables (p g : Prop)

- 12 demostracion
example
(Hp : p)
(Hq : q)
T pAQ =
begin
split,
{ exact Hp, },
{ exact Hq, 7},
end

- 22 demostracion
example

(Hp : p)
(Hg : q)

T pAQ =
and.intro Hp Hq

- 32 demostracion
example

conjunciones

31
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(Hp : p)
(Hg : q)
P pAQ =
-- by library search
(Hp, Ha)

-- 42 demostracidn
example
(Hp @ p)
(Hg : q)
T pAQ =
-- by hint
by tauto

-- 52 demostracion
example
(Hp : p)
(Hg : q)
p AQ :=
by finish

Enlaces al cédigo y a la sesidon en Lean Web.

-- Ejercicio. Demostrar
-- pAghEp

import tactic
variables (p q : Prop)

-- 12 demostracidn
example
(H: pAaQ)
Dp o=
begin
cases H with Hp Hq,
exact Hp,
end

-- 22 demostracion
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example
(H :
Dp o
and.elim left H

A q)

I ©

-- 32 demostracidn

example
(H:pAaq)
p =

and.left H

-- 42 demostracion
example
(H:pAQ)

T p o=
H.left

-- 52 demostracidn

example
(H:pAaQ)
Dp o=

H.1

-- 62 demostracién
example

(H:pAaQq)

Tp o=
-- by library search
H.left

-- 72 demostracidn
example
(H:pAaQq)
Dp o=
-- by hint
by tauto

-- 82 demostracidn

example
(H:pAaQ)
Dp o=

by finish

Enlaces al cédigo y a la sesion en Lean Web.
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-- Ejercicio. Demostrar
-- pAQgEg

import tactic
variables (p g : Prop)

-- 12 demostracidn
example
(H:pAaq)
1 q o=
begin
cases H with Hp Hq,
exact Hq,
end

-- 22 demostracidn
example
(H :
1 q
and.elim right H

A q)

I ©

-- 32 demostracion

example
(H:pAaQq)
1 q =

and.right H

-- 42 demostracion
example

(H: pAaQ)

1 q o=
H.right

-- 52 demostracidn
example
(H:pAaQq)
1 q =
H.2

-- 62 demostracion
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example

(H:pAaq)

1 q =
-- by library search
H.right

-- 72 demostracidn
example
(H:pAaQq)
1 q o=
-- by hint
by tauto

-- 82 demostracion
example
(H:pAaq)
1 q =
by finish

Enlaces al cédigo y a la sesidon en Lean Web.

34. pr(gAn)EF(pArg)AT

-- Ejercicio. Demostrar
-- pA(QANTr)E(pAgqg) AT

import tactic
variables (p q r : Prop)

-- 12 demostracion

example
(Hpar : p A (g A 1))
(p Aq) ANr :=
begin

cases Hpgqr with Hp Hqr,
cases Hgr with Hq Hr,
split,
{ split,

{ exact Hp, },

{ exact Hq, }},
{ exact Hr, },
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end

-- 22 demostracion
example
(Hpar : p A (g A r))
(p Aq) AN r :=
begin
cases Hpgr with Hp Hqr,
cases Hgr with Hq Hr,
split,
{ exact (Hp, Hq), },
{ exact Hr, 1},
end

-- 32 demostracioén
example
(Hpar : p A (g A r))
(p Ag) A=
begin
cases Hpqr with Hp Hgr,
cases Hgqr with Hg Hr,
exact ((Hp, Hq), Hr),
end

-- 42 demostracién
example
(Hpar : p A (g A r))
(p Aq) A r :=
begin
rcases Hpqr with (Hp, (Hg, Hr)),
exact ((Hp, Hq), Hr),
end

-- 52 demostracién
example :
pA((@@ATr) = (pAQg Ar:
begin
rintros (Hp, (Hq, Hr)),
exact ((Hp, Hq), Hr),
end

-- 62 demostracidn

example :
pPA(@AT) = (pAQ) Ar:

A (Hp, (Ha, Hr)), ((Hp, Ha), Hr)



34. pA(gAnNE(PAQ) AT

-- 72 demostracion

example
(Hpar : p A (q A 1))
(p Ag) A=
have Hp : p,

from and.left Hpqr,
have Hqr : g A T,

from and.right Hpqr,
have Hq : q,

from and.left Hqr,
have Hr : r,

from and.right Hqr,
have Hpg : p A q,

from and.intro Hp Hq,
show (p A q) A r,

from and.intro Hpg Hr

-- 82 demostracion

example
(Hpgr : p A (g A 1))
(p AN g) Ar :=

-- by library search
(and_assoc p q).mpr Hpgr

-- 92 demostracion
example
(Hpgar : p A (g A r))
(p A q) A =
-- by hint
by tauto

-- 102 demostracioén
example
(Hpar : p A (g A 1))
(p Aq) ANr :=
by finish

Enlaces al cédigo y a la sesién en Lean Web.
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3.5. (prg)ArrEpAa(gAar)

-- Ejercicio. Demostrar
-- (b Nq) Nrt=pA(qgATr)

import tactic
variables (p q r : Prop)

-- 12 demostracion

example
(Hpar : (p A q) A r)
:p A (gQAT) =
begin

rcases Hpqr with ((Hp, Hq), Hr),
exact (Hp, (Hg, Hr)),
end

-- 22 demostracién
example
(pPAQ) AT = pA(gQAT)
begin
rintros ((Hp, Hq), Hr),
exact (Hp, (Hq, Hr)),
end

-- 32 demostracion

example
(pANQ) Ar —=pA(qgAT)

A ((Hp, Ha), Hr), (Hp, (Hg, Hr))

-- 42 demostracion

example
(Hpgr : (p A q) A r)
:p A (gQAT) =

have Hpg : p A q,
from and.left Hpqr,
have Hr : r,
from and.right Hpqr,

have Hp : p,
from and.left Hpq,
have Hq : q,

from and.right Hpq,
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have Hqr : g A T,

from and.intro Hq Hr,
show p A (q A 1),

from and.intro Hp Hqr

-- 52 demostracion

example
(Hpar : (p A q) A r)
p A (g A T) =

-- by library search
(and _assoc p q).mp Hpqgr

-- 62 demostracion
example
(Hpgr : (p A q) A 1)
:p A (gQAT) =
-- by hint
by tauto

-- 72 demostracion

example
(Hpar : (p A q) A r)
:p A (gQAT) =

by finish

Enlaces al cédigo y a la sesion en Lean Web.

3.6. pArgt-p—q

-- Ejercicio. Demostrar
- pAgEp—gq

import tactic
variables (p g : Prop)

-- 12 demostracidn
example

(Hpg @ p A q)

T p — q =
begin

intro p,
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exact Hpqg.right,
end

-- 22 demostracidn
example

(Hpg @ p A q)

S p — q =
A, Hpg.2

-- 32 demostracion
example
(Hpg @ p A q)
T p — Qq =
assume Hp : p,
show q,
from and.right Hpq

-- 42 demostracidn
example
(Hpa : p A Q)
:p — q :=
-- by hint
by tauto

-- 52 demostracion
example

(Hpg : p A Q)

T p — q :=
by finish

Enlaces al cédigo y a la sesidon en Lean Web.

3.7. (p—ag)r(p—=>r)Fp—>qAr

-- Ejercicio. Demostrar
-- (b —>q) N(p—=>r)Fp—=qgATr

import tactic
variables (p q r : Prop)

-- 12 demostracion
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3.7. p—=gA(p—=nFp—=gAr

example
H: (p—=>9) A (p—r))
P> q AT o=
begin
cases H with Hpq Hpr,
intro Hp,
split,
{ apply Hpq,
exact Hp, I,
{ apply Hpr,
exact Hp, I,
end

-- 22 demostracion
example

(H: (p—>0q9) A (p—r))

:p — q AT =
begin

cases H with Hpq Hpr,

intro Hp,

split,

{ exact Hpq Hp, 1},

{ exact Hpr Hp, },
end

-- 32 demostracioén
example
(H: (p —>4q) A (p—r))
P~ q AT o=
begin
cases H with Hpq Hpr,
intro Hp,
exact (Hpg Hp, Hpr Hp),
end

-- 42 demostracién
example
(p—>q) AM(p —>r) = (p—>qAT) :=
begin
rintros (Hpq, Hpr) Hp,
exact (Hpg Hp, Hpr Hp),
end

-- 52 demostracion
example
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(p—>q) AM(p —>r) = (p—>qAT) :=
A (Hpg, Hpr) Hp, (Hpq Hp, Hpr Hp)

-- 62 demostracion
example
H: (p—=>0a9) A (p—r))
P > qQ AT =
have Hpg : p — q,
from and.left H,
have Hpr : p — r,
from and.right H,
assume Hp : p,
have Hq : q,
from Hpq Hp,
have Hr : r,
from Hpr Hp,
show q A r,
from and.intro Hq Hr

-- 72 demostracién

example
H: (p—=>4d) A (p—r1))
P —>q AT o=

-- by library search

imp and distrib.mpr H

-- 82 demostracidn

example
H: (p=>0q) A(p—r1))
TP > qQ AT =

-- by hint

by tauto

-- 92 demostracion

example
(H: (p—=>9) A(p—r1))
P~ qQ AT o=

by finish

Enlaces al cédigo y a la sesidon en Lean Web.
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3. p—=qgqArtE(p—ag)A(p—r)
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3.8. p—ogArrE(p—q)A(p —r)

-- Ejercicio. Demostrar
- p—qArkt(p—=4qg) N(p—r)

import tactic
variables (p q r : Prop)

-- 12 demostracidn
example
(H:p—>qATr)
(p —>q) A(p — r) :=
begin
split,
{ intro Hp,
have Hgr : q A r,
from H Hp,
exact Hqr.left, },
{ intro Hp,
have Hqr : q A r,
from H Hp,
exact Hqr.right, },
end

-- 22 demostracién
example
(H: p—qgAT)
(p > 4q) A (p—r) :=
begin
split,
{ intro Hp,
exact (H Hp).left, },
{ intro Hp,
exact (H Hp).right, },
end

-- 32 demostracion
example
(H:p—qATr)
(p = 4d) A (p—r) :=
(A Hp, (H Hp).left,
A Hp, (H Hp).right)
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-- 42 demostracioén
example
(H:p—q9gAT)
(p —aq) A (p— 1)
have Hpg : p — q, from
assume Hp : p,
have Hqr : g A T,
from H Hp,
show q,
from and.left Hqr,
have Hpr : p — r, from
assume Hp : p,
have Hqr : q A T,
from H Hp,
show r,
from and.right Hqr,

show (p =+ q) A (p — ),
from and.intro Hpg Hpr

-- 52 demostracién
example
(H: p—qgAT)
(p —a) A (p = r)
and.intro
( assume Hp : p,
have Hqr : g A r,
from H Hp,
show q,
from and.left Hqr)
( assume Hp : p,
have Hgr : q A r,
from H Hp,
show r,

from and.right Hqr)

-- 62 demostracion
example
(H: p—qgAT)
(p —9q) A (p— 1)
-- by library search
imp and distrib.mp H

-- 72 demostracion
example



39. p—=(Q—=nNkFEpAq—Tr

(H: p—qgAT)
(p—9q) A (p—=r) :=
-- by hint
by finish

Enlaces al cédigo y a la sesién en Lean Web.

3.9. p—o(g—=>r)Fprq—r

-- Ejercicio Demostrar
-- p—(qg—r)FpAqg—r

import tactic
variables (p g r : Prop)

-- 12 demostracion

example
(H: p — (g —r))
P pAQ — T o=
begin
intro Hpq,
apply H,

{ exact Hpg.left, },
{ exact Hpg.right, },
end

-- 22 demostracion

example

(H:p— (qg—r))

P pAQ — o=
begin

intro Hpq,

exact (H Hpqg.left) Hpq.right,
end

-- 32 demostracion
example
(H:p— (qg—r))
TP AQ — o=
A Hpg, (H Hpg.left) Hpq.right


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p→q∧r⊢(p→q)∧(p→r).lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p→q∧r⊢(p→q)∧(p→r).lean
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-- 42 demostracidn
example
(H: p— (qg—r))
TP AQg — o=
A Hpg, H Hpg.1l Hpq.2

-- 52 demostracioén
example

(H:p— (g —r))

TP AQ— T o=
assume Hpg : p A q,
have Hp : p,

from and.left Hpq,
have Hq : q,

from and.right Hpq,
have Hqr : q — r,

from H Hp,
show r,

from Hqr Hq

-- 62 demostracién
example
(H:p — (g —r))
T pAQ — o=
-- by library search
and imp.mpr H

-- 72 demostracion

example
(H: p— (qg—r))
T pAQqQ— T o=

-- by hint

by tauto

-- 82 demostracion

example
(H:p — (g —~r))
T pAQqQ— o=

by finish

Enlaces al cédigo y a la sesion en Lean Web.


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p→(q→r)⊢p∧q→r.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p→(q→r)⊢p∧q→r.lean
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3.10. prgq—orEp—(q—r)

-- Ejercicio. Demostrar
- pAGg—=>rkp—(qg—r)

import tactic
variables (p q r : Prop)

-- 12 demostracidn
example

H:pAg—=r)

:p— (@ = r) :=
begin

intros Hp Hqg,

apply H,

split,

{ exact Hp, },

{ exact Hq, },
end

-- 22 demostracion
example

(H: pAQg—T)

rp— (@ = r) =
begin

intros Hp Hq,

apply H,

exact (Hp, Hg),
end

-- 32 demostracion
example
(H:pAg—r)
p—>(q—>r) =
begin
intros Hp Hqg,
exact H (Hp, Hq),
end

-- 42 demostracidn
example
(H: pAQgQ—T)
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tp— (g —> r) :=
A Hp Hg, H (Hp, Ha)

-- 52 demostracioén
example
(H: pAqgq—T1)
:p — (q - r) :=
assume Hp : p,
show q — r, from
assume Hq : q,
have Hpg : p A q,
from and.intro Hp Hq,
show r,
from H Hpq

-- 62 demostracién
example
(H: pAq—r)
tp— (g —>r) :=
-- by library search
and imp.mp H

-- 72 demostracién
example
(H: pAq— 1)
tp— (g —>r) :=
-- by hint
by finish

Enlaces al cédigo y a la sesiéon en Lean Web.

3.11. (p—~q)—>rtEpArq—r

-- Ejercicio. Demostrar
== (p - q) > rk=pAgqg—r

import tactic
variables (p g r : Prop)

-- 12 demostracidn
example


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p∧q→r⊢p→(q→r).lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p∧q→r⊢p→(q→r).lean
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(H: (p—~q) — 1)

:pAQ— T =
begin

intro Hpq,

apply H,

intro Hp,

exact Hpqg.right,
end

-- 22 demostracién
example

(H: (p—>q) — 1)

S pAQ — r o=
begin

intro Hpq,

apply H,

exact (A Hp, Hpqg.right),
end

-- 32 demostracidn
example
(H: (p—q) — r)
T pAQ o=
begin
intro Hpq,
exact H (A Hp, Hpg.right),
end

-- 42 demostracidn
example

(H: (p—~q) — r)

TP AQ — o=
A Hpg, H (A , Hpqg.right)

-- 52 demostracion
example

(H: (p—>q) — )

TP AQ — o=
assume Hpg : p A q,
have H1 : p — q, from

assume Hp : p,

show q,

from and.right Hpq,

show r,

from H H1
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-- 62 demostracioén
example
(H: (p—>q) — r)
TP AQ— T o=
-- by hint
by finish

Enlaces al cédigo y a la sesion en Lean Web.

3.12. pAr(g—=r)F(p—q)—Tr

-- Ejercicio. Demostrar
-- pANI(g—r)E(p—4q)—r

import tactic
variables (p g r : Prop)

-- 12 demostracién
example

(H: pA(qg—r))

(p =+ 4q) — r :=

begin

intro Hpq,

cases H with Hp Hqgr,

apply Har,

apply Hpq,

exact Hp,
end

-- 22 demostracion
example
(H: pA(qg—r))
(p > 4q) — r:=
begin
intro Hpq,
cases H with Hp Hgqr,
apply Har,
exact Hpq Hp,
end

-- 32 demostracion


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/(p→q)→r⊢p∧q→r.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/(p→q)→r⊢p∧q→r.lean
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example
(H:pA(q—r))
(p —q) - r :=
begin
intro Hpq,
cases H with Hp Hgqr,
exact Hgr (Hpg Hp),
end

-- 42 demostracién
example

(H: pA(qg—r))

(p —q) - r :=

begin

intro Hpq,

exact H.2 (Hpq H.1),
end

-- 52 demostracion
example
(H:pA (g— 1))
(p —q) — r :=
A Hpg, H.2 (Hpqg H.1)

-- 62 demostracién
example

(H: pA(qgq—r))

(p —q) — r :=

assume Hpg : p — q,
have Hp : p,

from and.left H,
have Hq : q,

from Hpqg Hp,
have Hqr : q — r,

from H.right,
show r,

from Hqr Hq

-- 72 demostracio
example
(H: pA(qg—r))
(p > 4q) — r:=
-- by hint
by tauto
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-- 82 demostracié
example
(H:pA(qg—r))
(p — q) — r :=
-- by hint
by finish

Enlaces al cédigo y a la sesidén en Lean Web.


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p∧(q→r)⊢(p→q)→r.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p∧(q→r)⊢(p→q)→r.lean
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Ejercicios sobre disyunciones

- Ejercicio. Demostrar
ptpVag

import tactic
variables (p g : Prop)

- 12 demostracidn
example

(H: p)
cp VvV qg =
begin

left,

exact H,
end

- 22 demostracion
example

(H: p)

T p Vg :=
or.intro left q H

- 32 demostracidn
example
(H : p)
T p Vg :=
- by library search

53
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or.inl H

-- 42 demostracién
example
(H: p)
T p Vg :=
-~ by hint
by tauto

-- 52 demostracion
example

(H: p)

tp Vg :=
by finish

Enlaces al cédigo y a la sesidn en Lean Web.

-- Ejercicio. Demostrar
- gkEpVag

import tactic
variables (p g : Prop)

-- 12 demostracion
example

-- 22 demostracioén
example

(H:q)

T p Vg :=
or.intro right p H

-- 32 demostracion


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p⊢p∨q.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p⊢p∨q.lean

43. pvgtqvVvp
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example

(H: q)

S p Vg =
-- by library search
or.inr H

-- 42 demostracidn
example
(H: q)
T pVaQg:=
-- by hint
by tauto

-- 52 demostracion
example

(H: q)

T pVaQg:=
by finish

Enlaces al cédigo y a la sesidon en Lean Web.

4.3. pvqgrqvVvp

-- Ejercicio. Demostrar
-- pVvagkFaqVp

import tactic
variables (p q : Prop)

-- 12 demostracion

example
(H:pVa)
q VvV op =
begin
cases H with Hp Hq,
{ right,
exact Hp, 1},
{ left,
exact Hq, },

end


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/q⊢p∨q.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/q⊢p∨q.lean

56

Capitulo 4. Ejercicios sobre disyunciones

-- 22 demostracidn
example
(H:pVaq)
q VvV op =
begin
cases H with Hp Hq,
{ exact or.inr Hp, },
{ exact or.inl Hq, },
end

-- 32 demostracion
example
(H:pVa)
g Vop o=
or.elim H
( assume Hp : p,
show q V p,
from or.inr Hp)
( assume Hg : q,
show q V p,
from or.inl Hq)

-- 42 demostracién
example
(H:pVaq)
:q VvV op =
or.elim H
( assume Hp : p,
or.inr Hp)
( assume Hg : q,
or.inl Hq)

-- 52 demostracién
example

(H:pVa)

g Vop o=
or.elim H

(A Hp, or.inr Hp)

(A Hg, or.inl Hq)

-- 62 demostracidn
example
(H:pVaq)
:qQVop o=
or.elim H or.inr or.inl



4.4, g—>rkEpvg—=pVvr

-- 72 demostracioén
example
(H:pVa)
tqQVop =
-- by library search
or.swap H

-- 82 demostracion

example
(H:pVa)
qVop =

-- by hint

by tauto

-- 92 demostracidn
example
(H:pVaq)
:q VvV op =
by finish

Enlaces al cédigo y a la sesion en Lean Web.

4.4. g—-r-pvq—-pVvr

-- Ejercicio. Demostrar
-- qgq—>rkFEpvag—>pVvr

import tactic
variables (p q r : Prop)

-- 12 demostracion
example
(H: q—r)
pVvag-—pVr:=
begin
intro H1,
cases H1 with Hp Hq,
{ left,
exact Hp, I,
{ right,
apply H,


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p∨q⊢q∨p.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p∨q⊢q∨p.lean
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exact Hq, },
end

-- 22 demostracion
example
(H: q—r)
pVg—pVr:=
begin
rintro (Hp | Hqg),
{ left,
exact Hp, 1},
{ right,
exact H Hq, },
end

-- 32 demostracion

example

(H:q—r)

S pVqg—>pVr:=
begin

rintro (Hp | Hq),

{ exact or.inl Hp, },

{ exact or.inr (H Hqg), },
end

-- 42 demostracion
example
(H: q—r)
pVg—pVr:=
assume H1 : p V q,
or.elim H1l
( assume Hp : p,
show p V r,
from or.inl Hp)
( assume Hg : q,
have Hr : r,
from H Hq,
show p V r,
from or.inr Hr)

-- 52 demostracion
example
(H: q—r)
:pVqg—>pVr:=
assume H1 : p V q,



4.4, g—>rkEpvg—=pVvr

or.elim H1
( assume Hp : p,
or.inl Hp)
( assume Hq : q,
have Hr : r,
from H Hq,
or.inr Hr)

-- 62 demostracién
example
(H:q—r)
cpVg-—>pVr:=
assume H1 : p V q,
or.elim H1
( assume Hp : p,
or.inl Hp)
( assume Hg : q,
or.inr (H Hq))

-- 72 demostracién
example

(H: g —r)

pVqg—pVr:=
assume H1 : p V q,
or.elim H1

(A Hp, or.inl Hp)

(A Hg, or.inr (H Hq))

-- 82 demostracion
example

(H: q—r)

cpVg-—>pVr:=
assume H1 : p V q,
or.elim H1

or.inl

(A Hg, or.inr (H Hq))

-- 92 demostracion
example
(H: q—r)
T pVg—pVr:=
A H1l, or.elim H1 or.inl (A Hg, or.inr (H Hq))

-- 102 demostracion
example
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(H: q—r)

T pVg—pVr:=
-- by library search
or.imp right H

Enlaces al cédigo y a la sesion en Lean Web.

-- Ejercicio. Demostrar
-- pVvpEp

import tactic
variable (p : Prop)

-- 12 demostracidn
example
(H:pVp)
P p o=
begin
cases H with Hp Hp,
{ exact Hp, 1},
{ exact Hp, 1},
end

-- 22 demostracion
example

(H:pVp)

D p o=
by cases H ; assumption

-- 32 demostracién
example
(H:pVp)
D p o=
or.elim H
( assume Hp : p,
show p,
from Hp)
( assume Hp : p,
show p,


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/q→r⊢p∨q→p∨r.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/q→r⊢p∨q→p∨r.lean
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from Hp)

-- 42 demostracion
example
(H:pVp)
D p o=
or.elim H
( assume Hp : p,
Hp)
( assume Hp : p,
Hp)

-- 52 demostracion

example
(H:pVp)
Tp o=
or.elim H
(A Hp, Hp)
(A Hp, Hp)

-- 62 demostracion
example
(H:pVp)
Dp o=
or.elim H id id

-- 72 demostracién
example

(H:pVp)

N I
-- by library search
(or_self p).mp H

-- 82 demostracién
example
(H:pVp)
D p o=
-- by hint
by tauto

-- 92 demostracién
example
(H:pVp)
D p o=
by finish
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Enlaces al cédigo y a la sesiéon en Lean Web.

-- Ejercicio. Demostrar
-- ptEpVp

import tactic
variables (p : Prop)

-- 12 demostracion
example

(H: p)

PpVop o=
-- by library search
or.inl H

-- 22 demostracion
example
(H: p)
TpVop o=
-- by hint
by tauto

-- 32 demostracidn
example
(H: p)
TpVop o=
by finish

Enlaces al cédigo y a la sesion en Lean Web.

4.7. pv((qvr)yc(pvq)vr

-- Ejercicio. Demostrar

-- pV(gVvr)kE(pVag) Vr


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p∨p⊢p.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p∨p⊢p.lean
https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p⊢p∨p.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p⊢p∨p.lean

4.7. pv(QVvnE(pvag vVvr

import tactic
variables (p g r : Prop)

-- 12 demostracion

example
(H:pV(qVr))

(p Vg Vr:=
begin

cases H with Hp Hgr,
{ left,
left,
exact Hp, 1},
{ cases Hqr with Hq Hr,
{ left,
right,
exact Hq, 7,
{ right,
exact Hr, }},
end

-- 22 demostracién
example
(H:pV(q
(p VaQq) Vv
or.elim H
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
show (p V q) V r,
from or.inl Hpq)
( assume Hqr : q V r,
show (p V q) V r, from
or.elim Hqr
( assume Hq : q,
have Hpg : p V q,
from or.inr Hq,
show (p V q) V r,
from or.inl Hpq)
( assume Hr : r,
show (p Vv q) V r,
from or.inr Hr))

V r))
r

-- 32 demostracidn
example
(H:pV (qVr))
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(p Vg Vr:=
or.elim H
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
show (p V q) V r,
from or.inl Hpq)
( assume Hgr : q V r,
show (p V q) V r, from
or.elim Hqgr
( assume Hg : q,
have Hpg : p V q,
from or.inr Hq,
or.inl Hpq)
( assume Hr : r,
or.inr Hr))

-- 42 demostracién
example
(H:pV (q
(p Vq) Vv
or.elim H
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
show (p V q) V r,
from or.inl Hpq)
( assume Hgr : q V r,
show (p V q) V r, from
or.elim Hqgr
( assume Hq : q,
have Hpg : p V q,
from or.inr Hq,
or.inl Hpq)
or.inr)

Vor))
.

-- 52 demostracioén
example

(H:pV (g

(pVaq) V
or.elim H
( assume Hp : p,

have Hpg : p V q,

from or.inl Hp,

show (p V q) V r,

VvV r))
r =
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from or.inl Hpq)
( assume Hqr : q V r,
show (p V q) V r, from
or.elim Hqr
(A Hg, or.inl (or.inr Hq))
or.inr)

-- 62 demostracion
example
(H: pV (q
(pVa Vv
or.elim H
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
show (p Vv q) V r,
from or.inl Hpq)
(A Hgr, or.elim Hqr ( A Hg, or.inl (or.inr Hq)) or.inr)

vV r))
r:=

-- 72 demostracién
example
(H:pV (q
(p Vq) Vv
or.elim H
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
or.inl Hpq)
(A Hgr, or.elim Hqr ( A Hg, or.inl (or.inr Hq)) or.inr)

VvV r))
-

-- 82 demostracién
example
(H:pV(q
(pvVa Vv
or.elim H
( assume Hp : p,
or.inl (or.inl Hp))
(A Hgr, or.elim Hqr ( A Hg, or.inl (or.inr Hq)) or.inr)

VvV or))
r :=

-- 92 demostracion
example
(H:pV (q
(p Vq) Vv
or.elim H
(A Hp, or.inl (or.inl Hp))

VvV r))
r =
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(A Hgr, or.elim Hgr ( A Hqg, or.inl (or.inr Hq)) or.inr)

-- 102 demostracioén
example
(H:pV(qgVvr))
(pVag Vr:=
-- by library search
or.assoc.mpr H

-- 112 demostracioén
example
(H:pV (q
(p v v
-- by hint
by tauto

V r))
r:=

-- 122 demostracién
example
(H:pV (q
(p Vq) Vv
by finish

vVor))
r =

Enlaces al cédigo y a la sesidon en Lean Web.

4.8. (pvq)vrtpvVv(qVvr)

-- Ejercicio. Demostrar
-- (pVqg)VrEpV(qVr)

import tactic
variables (p q r : Prop)

-- 12 demostracion

example
(H: (pVa VvVr)
:pV(QVor) :=
begin
rcases H with ((Hp | Hg) | Hr),
{ left,
exact Hp, 1},

{ right,


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p∨(q∨r)⊢(p∨q)∨r.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p∨(q∨r)⊢(p∨q)∨r.lean

48. (pvqg)vrEpvi(gvr)

left,
exact Hq, },
{ right,
right,
exact Hr, 1},
end

-- 22 demostracion

example
(H: (pVa Vr)
:pVI(QVor) :=
or.elim H

( assume Hpg : p V q,
show p V q V r, from
or.elim Hpq
( assume Hp : p,
show p V (q V r),
from or.inl Hp)
( assume Hg : q,
have Hqr: q V r,
from or.inl Hq,
show p V (q V r),
from or.inr Hqr))
( assume Hr : r,
have Hqr: q V r,
from or.inr Hr,
show p V (q VvV r),
from or.inr Hqr)

-- 32 demostracion

example
(H: (pVa Vr)
:pV(qQVor) :=
or.elim H

(A Hpg, or.elim Hpg or.inl (A Hq, or.inr (or.inl Hq)))
(A Hr, or.inr (or.inr Hr))

-- 42 demostracién
example
(H: (pVvaq Vr)
:p VvV (qgVor) :=
-- by library search
or.assoc.mp H

-- 52 demostracion
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example
(H: (pVa VvVr)
:pV (QVor) :=
-- by hint
by tauto

-- 62 demostracion

example
(H: (pVvaq Vr)
:pV (qQVor) :=
by finish

Enlaces al cédigo y a la sesidon en Lean Web.

4.9. pr(qvr)E(pArq)V(pATr)

-- Ejercicio. Demostrar
-- pA(@gVrIr)E(pANg)V (pATr)

import tactic
variables (p q r : Prop)

-- 12 demostracidn
example
(H:p A (qg
(p AN q)V
begin
cases H with Hp Hqr,
cases Hgr with Hg Hr,
{ left,
split,
{ exact Hp, },
{ exact Hq, }},
{ right,
split,
{ exact Hp, },
{ exact Hr, }},
end

V r))
(p A r) :=

-- 22 demostracion
example
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(H:pA (q
(p Aq)V
begin
cases H with Hp Hgr,
cases Hgr with Hq Hr,
{ left,
exact (Hp, Hg), 1},
{ right,
exact (Hp, Hr), },

V r))
(p A r) :=

end

-- 32 demostracién
example
(H: pA (qVr))
(pAQ) V (pAT) =
have Hp : p,
from and.left H,
have Hqr : q V r,
from and.right H,
or.elim Hqr
( assume Hq : q,
have Hpg : p A q,
from and.intro Hp Hq,
show (p A g) V (p A 1),
from or.inl Hpq)
( assume Hr : r,
have Hpr : p A r,
from and.intro Hp Hr,
show (p A q) V (p A T),
from or.inr Hpr)

-- 42 demostracién
example
(H: pA (qgVor))
(pAQ) VvV (pAT) =
or.elim H.2
(A Hg, or.inl (H.1, Haqg))
(A Hr, or.inr (H.1, Hr))

-- 52 demostracién
example
(H: pA(qgVor))
(pAQ) V (pAT) =
-- by library search
and or distrib left.mp H



70

Capitulo 4. Ejercicios sobre disyunciones

-- 62 demostracioén
example
(H:pA(qVr))
(p Ag) VvV (pATr) =
-- by hint
by finish

Enlaces al cédigo y a la sesidén en Lean Web.

4.10. (prg)viipAarr)EpAa(gvVvr)

-- Ejercicio. Demostrar

- - (p ANq)V (pANTr)EpANI(qVrT)

import tactic
variables (p g r : Prop)

-- 12 demostracion

example
(H: (pAq)V (pAT))
:p A (V) :=

begin

rcases H with ((Hp,Hq) | (Hp, Hr)),

{ exact (Hp, or.inl Hqg), }
{ exact (Hp, or.inr Hr), },
end

-- 22 demostracion
example
(H: (pAQq)V (pAT)
:p A (qQVor) :=
or.elim H
( assume Hpgq : p A q,
have Hp : p,
from and.left Hpq,
have Hq : q,
from and.right Hpq,
have Hqr : q V r,
from or.inl Hq,
show p A (q V 1),
from and.intro Hp Hgr)


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p∧(q∨r)⊢(p∧q)∨(p∧r).lean
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4.10. (pAQ)V(ipANEPA(QVT)

71

( assume Hpr : p A r,

have Hp : p,

from and.left Hpr,
have Hr : r,

from and.right Hpr,
have Hqr : q V r,

from or.inr Hr,
show p A (q V ),

from and.intro Hp Hgr)

-- 32 demostracion

example
(H: (pAQq)V(pAT))
:p A (qQVor) :=
or.elim H

( assume (Hp, Hq),
have Hqr : q V r,
from or.inl Hqg,
show p A (q V r),
from and.intro Hp Hgr)
( assume (Hp, Hr),
have Hqr : q VvV r,
from or.inr Hr,
show p A (g V r),
from and.intro Hp Hqr)

-- 42 demostracion

example
(H: (pAq)V (pAT)
:p A (qQVor) :=
or.elim H

(A (Hp, Hg), (Hp ,or.inl Hq))
(A (Hp, Hr), (Hp, or.inr Hr))

-- 52 demostracioén
example
(H: (pAQq)V(pAT)
:pA(QV o) :=
-- by library search
and or distrib left.mpr H

-- 62 demostracion
example
(H: (pAQq)V(pAT)
:p A (qQVor) :=
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-- by hint
by tauto

-- 72 demostracion

example
(H: (pAq)V (pAT))
:p A (qgV ) :=

by finish

Enlaces al cédigo y a la sesién en Lean Web.

4.11. pv(garr)=(pva)Aar(pVvr)

-- Ejercicio. Demostrar
-- pVv(@ATr)E(pVag A(pVr)

import tactic
variables (p g r : Prop)

-- 12 demostracion

example
(H:pV(qgAT))
(pVag A(pVr):=
begin
cases H with Hp Hqr,
{ split,
{ left,
exact Hp, },
{ left,
exact Hp, }},
{ split,
{ right,
exact Hgr.left, },
{ right,

exact Hqr.right, }},
end

-- 22 demostracion
example
(H:pV (qgAT))


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/(p∧q)∨(p∧r)⊢p∧(q∨r).lean
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begin
cases H with Hp Hqr,
{ split,
{ exact or.inl Hp, },
{ exact or.inl Hp, }},
{ split,
{ exact or.inr Hqgr.left, },
{ exact or.inr Hqr.right, }},
end

-- 32 demostracion
example
(H:pV (gAT))
(pVag A(pVr):=
begin
cases H with Hp Hgqr,
{ exact (or.inl Hp, or.inl Hp), },

{ exact (or.inr Hqr.left, or.inr Hqr.right),

end

-- 42 demostracion
example
(H: pV (qgAT))
(pvVag A(pVr) :=
or.elim H
(A Hp, (or.inl Hp, or.inl Hp))
(A Hgr, (or.inr Hqr.1l, or.inr Hqr.2))

-- 52 demostracion
example
(H:pV (qgAT))
(pvVa A(pVr):=
or.elim H
(A h, (or.inl h, or.inl h))
(A h, (or.inr h.1, or.inr h.2))

-- 62 demostracién
example
(H:pV (q
(pVa A
or.elim H
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
have Hpr : p V r,

A Tr))
(p Vr):=
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from or.inl Hp,
show (p Vv q) A (p VvV r),
from and.intro Hpg Hpr)
( assume Hqr : g A r,
have Hq : q,
from and.left Hqr,
have Hr : r,
from and.right Hqr,
have Hpg : p V q,
from or.inr Hq,
have Hpr : p V r,
from or.inr Hr,
show (p V. q) A (p V r),
from and.intro Hpg Hpr)

-- 72 demostracién
example
(H:pV(qgAT))
(pVag A(pVr) :=
or.elim H
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
have Hpr : p V r,
from or.inl Hp,
show (p V. q) A (p V r),
from and.intro Hpg Hpr)
( assume Hqr : g A r,
have Hq : q,
from and.left Hqr,
have Hr : r,
from and.right Hqr,
have Hpg : p V q,
from or.inr Hq,
have Hpr : p V r,
from or.inr Hr,
and.intro Hpg Hpr)

-- 82 demostracidn
example
(H: pV (qgATr))
(pVag A(pVr):=
or.elim H
( assume Hp : p,
have Hpg : p V q,
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from or.inl Hp,
have Hpr : p V r,
from or.inl Hp,
show (p V. g) A (p V r),
from and.intro Hpg Hpr)
( assume Hqr : g A r,
have Hq : q,
from and.left Hqr,
have Hr : r,
from and.right Hqr,
and.intro (or.inr Hqg) (or.inr Hr))

-- 92 demostracién
example
(H:pV (q
(pVa A
or.elim H
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
have Hpr : p V r,
from or.inl Hp,
show (p vV q) A (p V ),
from and.intro Hpq Hpr)
( assume Hgr : q A r,
and.intro (or.inr (and.left Hqr)) (or.inr (and.right Hqr)))

A r))
(p vV or) :=

-- 102 demostracion

example
(H:pV (qgAT))
(pVag A(pVr):=
or.elim H

( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
have Hpr : p V r,
from or.inl Hp,
show (p V. q) A (p V r),
from and.intro Hpq Hpr)
( assume Hqr : g A r,
and.intro (or.inr Hqr.1l) (or.inr Hqr.2))

-- 112 demostracioén
example
(H:pV(qgAT))
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(pVvVag A(pVvr) :=
or.elim H
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
have Hpr : p vV r,
from or.inl Hp,
show (p Vv q) A (p VvV r),
from and.intro Hpq Hpr)
( assume Hqr : q A r,
(or.inr Hqr.1l, or.inr Hqr.2))

-- 122 demostracioén
example
(H:pV(qgAT))
(pVa A(pVr) =
or.elim H
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
have Hpr : p vV r,
from or.inl Hp,
show (p Vv q) A (p V r),
from and.intro Hpq Hpr)
(A Hgr, (or.inr Hqr.1, or.inr Hqr.2))

-- 132 demostracién
example
(H: pV (qgATr))
(pVa A((pVr) :=
or.elim H
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
have Hpr : p VvV r,
from or.inl Hp,
and.intro Hpq Hpr)
(A Hgr, (or.inr Hqr.1, or.inr Hqr.2))

-- 142 demostracioén
example
(H:pV (q
(p Vq) A
or.elim H
( assume Hp : p,

A r))
(p V r) :=
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have Hpg : p V q,
from or.inl Hp,
have Hpr : p V r,
from or.inl Hp,
(Hpq, Hpr))
(A Hgr, (or.inr Hqr.1l, or.inr Hqr.2))

-- 152 demostracidn
example
(H: pV (qgATr))
(pVa A(pVr):=
or.elim H
( assume Hp : p,
(or.inl Hp, or.inl Hp))
(A Hgr, (or.inr Hqr.1l, or.inr Hqr.2))

-- 162 demostracioén
example

(H: pV
(p VvV q)
or.elim H

(A Hp, (or.inl Hp, or.inl Hp))

(A Hgr, (or.inr Hqr.1, or.inr Hqr.2))

(g A r))
A (pVr):=

-- 172 demostracién
example
(H: pV (qgATr))
(pVa A(pVvr):=
-- by library search
or and distrib left.mp H

-- 182 demostracién
example
(H: pV (qATr))
(pVa A(pVr):=
-- by hint
by tauto

-- 192 demostracioén
example
(H:pV(qgAT))
(pVa A(pVr):=
by finish

Enlaces al cédigo y a la sesiéon en Lean Web.
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4.12. (pvag)r(pvr)EpvVvgqAr)

-- Ejercicio. Demostrar
== (pVg)AN(pVr)kEpV(qgATr)

import tactic
variables (p q r : Prop)

-- 12 demostracion

example
(H: (pVva A(pVr))
:pV (AT :=

begin

cases H with Hpq Hpr,
cases Hpg with Hp Hq,
{ left,
exact Hp, 1},
{ cases Hpr with Hp Hr,
{ left,
exact Hp, },
{ right,
split,
{ exact Hq, 1},
{ exact Hr, }}},
end

-- 22 demostracion

example
(H: (pVvag A(pVr))
:pV (gQAT) =

begin

cases H with Hpq Hpr,
cases Hpq with Hp Hq,
{ left,
exact Hp, I,
{ cases Hpr with Hp Hr,
{ left,
exact Hp, },
{ right,
exact (Hq, Hr), }},
end
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-- 32 demostracion

example
(H: (pVa A(pVr))
:pV (QAT) =
begin

cases H with Hpq Hpr,
cases Hpg with Hp Hq,
{ left,

exact Hp, },
{ cases Hpr with Hp Hr,

{ left,

exact Hp, 1},
{ exact or.inr (Hq, Hr), }},
end

-- 42 demostracion

example

(H: (pVva A(pVvr))
:pV (QAT) :=
begin

cases H with Hpqg Hpr,
cases Hpg with Hp Hq,
{ left,
exact Hp, },
{ cases Hpr with Hp Hr,
{ exact or.inl Hp, },
{ exact or.inr (Hq, Hr), }},
end

-- 52 demostracion

example
(H: (pVvaqg) A(pVr))
:pV(QAT) =
begin

cases H with Hpq Hpr,
cases Hpg with Hp Hq,
{ exact or.inl Hp, },
{ cases Hpr with Hp Hr,
{ exact or.inl Hp, },
{ exact or.inr (Hq, Hr), }},
end

-- 62 demostracion
example

(H: (pVvaqg) A(pVr))
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:pV (QATr) :=
begin
rcases H with (Hp | Hq, Hp | Hr),
{ exact or.inl Hp, },
{ exact or.inl Hp, },
{ exact or.inl Hp, },
{ exact or.inr (Hq, Hr), },
end

-- 72 demostracién
example
(H: (pVvag A(pVr))
:pV (AT :=
-- by library search
or _and distrib left.mpr H

-- 82 demostracioén
example
(H: (pVva A(pVr))
s pV (g A T) =
have Hpg : p V q,
from and.left H,
or.elim Hpq
( assume Hp : p,
show p vV (q A 1),
from or.inl Hp )
( assume Hg : q,
have Hpr : p V r,
from and.right H,
or.elim Hpr
( assume Hp : p,
show p V (q A ),
from or.inl Hp )
( assume Hr : r,
have Hqr : q A r,
from and.intro Hq Hr,
show p vV (g A 1),
from or.inr Hqr ))

-- 92 demostracion
example
(H: (pVvag A(pVr))
:pV (QATr :=
or.elim (and.left H)
or.inl
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(A Hg, or.elim (and.right H)
or.inl
(A Hr, or.inr (Hq, Hr)))

-- 102 demostracion

example
(H: (pVvag A(pVr))
cp VvV (g A Tr) =

-- by hint

by tauto

-- 112 demostracion

example
(H: (pVva A(pVr))
tp VvV (g A Tr) =

by finish

Enlaces al cédigo y a la sesién en Lean Web.

4.13. (p—>rAr(q—-r)-Epvq-—r

-- Ejercicio. Demostrar
== (p = r) N(gq —>r)FEpVag—r

import tactic
variables (p g r : Prop)

-- 12 demostracioén
example
(H: (p—>r)A(q—r))
:pVg-—r =
begin
cases H with Hpr Hqgr,
intro Hpq,
cases Hpg with Hp Hq,
{ apply Hpr,
exact Hp, },
{ apply Har,
exact Hq, },
end
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-- 22 demostracidn
example

(H: (p—=>r)A(q—r))

T pVqg—ro=
begin

cases H with Hpr Hgr,

intro Hpq,

cases Hpg with Hp Hq,

{ exact Hpr Hp, },

{ exact Hqr Hq, },
end

-- 32 demostracién
example
(H: (p—=>r)A(q—r))
T pVg—r =
begin
intro Hpq,
cases Hpg with Hp Hq,
{ exact H.left Hp, },
{ exact H.right Hq, },
end

-- 42 demostracion

example
(H: (p—>r) A(q—r))
:pVg—r =

-- by library search

or imp distrib.mpr H

-- 52 demostracioén
example
(H: (p—>r)A(q—r))
T pVqg—r o=
assume Hpg : p V q,
or.elim Hpgq
( assume Hp : p,
have Hpr: p — r,
from and.left H,
show r,
from Hpr Hp )
( assume Hg : q,
have Hqr : q — r,
from and.right H,
show r,
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from Hqr Hq)

-- 62 demostracién
example
(H: (p—=>r)A(q—r))
pVqg-—r o=
assume Hpq : p V (q,
or.elim Hpq
( assume Hp : p,
have Hpr: p — r,
from and.left H,
Hpr Hp )
( assume Hg : q,
have Hqr : q — r,
from and.right H,
Har Haq)

-- 72 demostracién
example
(H: (p—=>r)A(q—r))
TpVqg—ro=
assume Hpg : p V q,
or.elim Hpq
( assume Hp : p,
H.1 Hp )
( assume Hg : q,
H.2 Hq)

-- 82 demostracidn
example
(H: (p—>r) A (g —r))
tpVvVg—r o=
assume Hpgq : p V q,
or.elim Hpq
(A Hp, H.1 Hp)
(A Hg, H.2 Hq)

-- 92 demostracién
example
(H: (p—=>r)A(q—r))
pVqg—ro=
assume Hpq : p V (q,
or.elim Hpg H.1 H.2

-- 102 demostracion
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example

H: (p—=>r)A(qg—r))
T pVvVqg—ro=

A Hpq, or.elim Hpg H.1 H.2

-- 112 demostracioén
example
(H: (p—>r)A(q—r))
T pVg-—r o=
-- by hint
by tauto

-- 122 demostracioén
example
(H: (p—=r)A(q—r))
TpVg—r o=
by finish

Enlaces al cédigo y a la sesiéon en Lean Web.

4.14. pvg—->rt(p—-r)Ar(q—r)

-- Ejercicio. Demostrar
-- pVvVqg—rti(p—r)ANI(q—r)

import tactic
variables (p g r : Prop)

-- 12 demostracion
example
(H: pVvag—r)
(p = r) A(qg—r) :=
begin
split,
{ intro Hp,
apply H,
left,
exact Hp, 1},
{ intro Hq,
apply H,
right,


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/(p→r)∧(q→r)⊢p∨q→r.lean
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exact Hq, },
end

-- 22 demostracion
example
(H: pVvag-—r)
(p = r) A(qg—r)
begin
split,
{ intro Hp,
apply H,
exact or.inl Hp, 1},
{ intro Hq,
apply H,
exact or.inr Hq, },
end

-- 32 demostracidn
example
(H: pVvag-—r)
(p —r) A (qg—=r)
begin
split,
{ intro Hp,

exact H (or.inl Hp),

{ intro Hq,

exact H (or.inr Hq),

end

-- 42 demostracién
example
(H: pVvag-—r
(p —>r) A(qg—r)
(A Hp, H (or.inl Hp),
A Hg, H (or.inr Hq))

-- 52 demostracioén
example
(H: pVvag-—r)
(p = r) A (g —r)
-- by library search
or imp distrib.mp H

-- 62 demostracion
example
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(H: pVvag—r)
:(p—>r) AN (g—r)
and.intro
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
show r,
from H Hpq)
( assume Hq : q,
have Hpg : p V q,
from or.inr Hq,
show r,
from H Hpq)

-- 72 demostracion
example
(H: pVvag—r
(p = r) A (qg—r)
and.intro
( assume Hp : p,
have Hpg : p V q,
from or.inl Hp,
H Hpq)
( assume Hq : q,
have Hpg : p V q,
from or.inr Hq,
H Hpq)

-- 82 demostracién
example
(H: pVvag—r)
(p —r) A (g — r)
and.intro
( assume Hp : p,
H (or.inl Hp))
( assume Hg : q,
H (or.inr Hq))

-- 92 demostracioén
example
(H: pVvag—r)
(p =+ r) A (g —r)
and.intro
(A Hp, H (or.inl Hp))
(A Hg, H (or.inr Hq))
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-- 102 demostracioén
example
(H: pVvag—r)
:(p—>r) A (g = r) :=
(A Hp, H (or.inl Hp),
A Hg, H (or.inr Hq))

Enlaces al cédigo y a la sesidon en Lean Web.


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p∨q→r⊢(p→r)∧(q→r).lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p∨q→r⊢(p→r)∧(q→r).lean
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Capitulo 5

Ejercicios sobre negaciones

- Ejercicio. Demostrar
p = —p

import tactic
variable (p : Prop)

- 12 demostracion
example
(H : p)

Poop o=
begin
intro H1,
apply H1 H,
end

- 22 demostracion
example
(H : p)

. Tp =

A Hl, H1 H

- 32 demostracion
example
(H : p)

. P =

- by library search

89
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not not.mpr H

-- 42 demostracidn
example

(H: p)

. p =
assume H1l : —p,
show false,

from H1 H

-- 52 demostracion
example

(H: p)

. Tp =
-- by hint
by tauto

-- 62 demostracidn
example

(H: p)

|

by finish

Enlaces al cédigo y a la sesién en Lean Web.

5.2. -p-p—0q

-- Ejercicio. Demostrar
- - pEpPp—q

import tactic
variables (p g : Prop)

-- 12 demostracidn
example

(H : —p)

' p — q =
begin

intro Hp,

exfalso,

apply H,


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p⊢¬¬p.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p⊢¬¬p.lean
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exact Hp,
end

-- 22 demostracién
example
(H : —p)
' p — q :=
begin
intro Hp,
exfalso,
exact H Hp,
end

-- 32 demostracién
example

(H: —p)

T p — q =
begin

intro Hp,

exact absurd Hp H,
end

-- 42 demostracidn
example

(H: —p)

T p — q =
A Hp, absurd Hp H

-- 52 demostracion
example

(H: —p)

T p — q =
-- by library search
not.elim H

-- 62 demostracién
example

(H: —p)

T p — q =
assume Hp : p,
show q,

from absurd Hp H

Enlaces al cédigo y a la sesion en Lean Web.


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/¬p⊢p→q.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/¬p⊢p→q.lean
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-- Ejercicio. Demostrar
- - p—qbt —~q— —p

import tactic
variables (p q : Prop)

-- 12 demostracidn
example

(H:p —q)

0 q — p =
begin

intro Hnq,

intro Hp,

apply Hnq,

exact H Hp,
end

-- 22 demostracidn
example

(H:p—aq)

0 q — p =
begin

intro Hnq,

intro Hp,

exact Hng (H Hp),
end

-- 32 demostracion

example

(H: p —q)

: q — p :=
begin

intros Hng Hp,
exact Hng (H Hp),
end

-- 42 demostracidn
example

(H: p—q)

: q — —p =
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A Hng Hp, Hng (H Hp)

-- 52 demostracidn
example

(H:p —q)

: g — p =
-- by library search
mt H

-- 62 demostracién
example

(H:p —q)

0 q — p =
assume Hng : —q,
assume Hp : p,
have Hq : q,

from H Hp,
show false,

from Hng Hq

-- 72 demostracidn
example
(H:p—q)
0 q — p =
assume Hngq : —q,
assume Hp : p,

have Hq : q,
from H Hp,
Hng Hq

-- 82 demostracion
example

(H: p—q)

: q — p :=
assume Hnq : —q,
assume Hp : p,

Hng (H Hp)

-- 92 demostracién

example
(H:p—q)
q — p =

assume Hnq : —q,

A Hp, Hng (H Hp)
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-- 102 demostracioén
example
(H:p —q)
q — p =
A Hng Hp, Hng (H Hp)

-- 112 demostraciodn
example
(H:p —q)
:oq — p =
-- by hint
by tauto

-- 122 demostracioén
example

(H:p —q)

0 q — p =
by finish

Enlaces al cédigo y a la sesién en Lean Web.

-- Ejercicio. Demostrar
- - pVvg —qkp

import tactic
variables (p g : Prop)

-- 12 demostracion

example
(Hpg = p vV q)
(Hng : —q)
D p o=
begin

cases Hpg with Hp Hq,

{ exact Hp, 7},

{ exact absurd Hg Hnq, 7,
end

-- 22 demostracion


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p→q⊢¬q→¬p.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p→q⊢¬q→¬p.lean
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example
(Hpg @ p V q)
(Hng : —q)
D p o=

-- by library search
or.resolve right Hpq Hng

-- 32 demostracion
example
(Hpg @ p V q)
(Hng : —q)
Dp o=
or.elim Hpq
( assume Hp : p,
show p,
from Hp)
( assume Hg : q,
show p,
from absurd Hq Hnq)

-- 42 demostracion

example

(Hpg @ p V q)

(Hng : —q)

P p o=
or.elim Hpq

( assume Hp : p,

show p,
from Hp)

( assume Hg : q,
absurd Hg Hnq)

-- 52 demostracion

example

(Hpg @ p vV q)

(Hng : —q)

D p o=
or.elim Hpq

( assume Hp : p,

show p,
from Hp)

(A Hg, absurd Hq Hnq)

-- 62 demostracion
example
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(Hpg : p V q)
(Hng : —q)
p o=
or.elim Hpq
( assume Hp : p,
Hp)

(A Hg, absurd Hq Hnq)

-- 72 demostracion

example
(Hpg @ p V q)
(Hng : —q)
D p o=

or.elim Hpq id (A Hq, absurd Hg Hnq)

-- 82 demostracidn
example
(Hpg @ p vV q)
(Hng : —q)
Tp o=
-- by hint
by tauto

-- 92 demostracidn
example
(Hpg : p VvV q)
(Hng : —q)
D p o=
by finish

Enlaces al cédigo y a la sesidon en Lean Web.

-- Ejercicio. Demostrar
-- pVvag —pkaq

import tactic
variables (p q : Prop)

-- 12 demostracion


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p∨q,¬q⊢p.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p∨q,¬q⊢p.lean
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example
(Hpq : p VvV q)
(Hnp: —p)
1 q =

begin

cases Hpg with Hp Hq,
{ exact absurd Hp Hnp, },
{ exact Hq, 7},

end

-- 22 demostracion

example
(Hpq : p V q)
(Hnp: —p)
1 q =

or.elim Hpg (A Hp, absurd Hp Hnp) id

-- 32 demostracion

example
(Hpq : p V q)
(Hnp: —p)
1 q =

-- by library search
or.resolve left Hpg Hnp

-- 42 demostracioén
example
(Hpg : p VvV q)
(Hnp: —p)
1 q =
or.elim Hpq
( assume Hp : p,
show q,
from absurd Hp Hnp)
( assume Hq : q,
show q,
from Hq)

-- 52 demostracion
example
(Hpg : p VvV q)
(Hnp: —p)
1 q =
-- by hint
by tauto
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-- 62 demostracidn
example
(Hpg : p VvV Q)
(Hnp: —p)
1 q =
by finish

Enlaces al cédigo y a la sesion en Lean Web.

5.6. pvqgFr—-(—pA—q)

-- Ejercicio. Demostrar
-- pVaqk —=(=p A —q)

import tactic
variables (p q : Prop)

-- 12 demostracion
example

(H:pVaq)

—(=p A Q) :=

begin

intro H1,

cases H1 with H2 H3,

cases H with H4 H5,

{ exact H2 H4, },

{ exact H3 H5, },
end

-- 22 demostracion
example

(H:pVaq)

»o(op A Q) i=
begin

rintro (H2, H3),

cases H with H4 H5,

{ exact H2 H4, 1},

{ exact H3 H5, },
end

-- 32 demostracion


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p∨q,¬p⊢q.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p∨q,¬p⊢q.lean

56. pvgk =(=p A—Qq)

example
(H:pVa)
~(=p A —q) :=
A (H2, H3), or.elim H (\ H4, H2 H4) (A H5, H3 H5)

-- 42 demostracion
example
(H:pVaq)
: 2(op A q) i=
-- by library search
or iff not and not.mp H

-- 52 demostracion
example
(H:pVaq)
—(=p A Q) :=
assume H3 : —-p A —q,
or.elim H
( assume Hp : p,
show false,
from absurd Hp (and.left H3))
( assume Hq : q,
show false,
from absurd Hg (and.right H3))

-- 62 demostracion
example
(H:pVa)
: (=P A Q) i=
-- by hint
by tauto

-- 72 demostracidn
example
(H:pVaq)
~(=p A —q) :=
by finish

Enlaces al cédigo y a la sesién en Lean Web.


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p∨q⊢¬(¬p∧¬q).lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p∨q⊢¬(¬p∧¬q).lean
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5.7. pAgF—-(—pV —q)

-- Ejercicio. Demostrar
-- pAgbE —(=pV —q)

import tactic
variables (p q : Prop)

-- 12 demostracidn
example
(H: pAaQ)
: 2(0p VvV 4q) =
begin
intro H1,
cases H1 with H2 H3,
{ apply H2,
exact H.left, },
{ apply H3,
exact H.right, 1},
end

-- 22 demostracidn
example

(H: pAaQ)

: —(0p vV Q) =
begin

intro H1,

cases H1 with H2 H3,

{ exact H2 H.left, },

{ exact H3 H.right, 1},
end

-- 32 demostracidn
example
(H:pAaQq)
: (=p vV q) :=
A H1, or.elim H1 (A H2, H2 H.1) (A H3, H3 H.2)

-- 42 demostracidn
example
(H:pAaq)
=(=p V —q) :=
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begin
rintro (H2 | H3),
{ exact H2 H.left, },
{ exact H3 H.right, },
end

-- 52 demostracién
example

(H:pAaq)

: —(0p Vo 4q) =
-- by library search
and iff not or not.mp H

-- 62 demostracion
example
(H: pAaQ)
—(=p V —q) :=
-- by hint
by tauto

-- 72 demostracion
example
(H:pAaq)
: 2(=p VvV Q) :=
by finish

Enlaces al cédigo y a la sesién en Lean Web.

5.8. —|(p vV q) - P A —q

-- Ejercicio. Demostrar
-- -(pVq)kE-pA—q

import tactic
variables (p g : Prop)

-- 12 demostracion
example
(H: —=(p Vv q))
Dp A Qo=
begin


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p∧q⊢¬(¬p∨¬q).lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p∧q⊢¬(¬p∨¬q).lean
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split,
{ intro Hp,

apply H,

exact or.inl Hp, 1},
{ intro Hq,

apply H,

exact or.inr Hq, },

end

-- 22 demostracion
example
(H: =(p Vv q))
D p A Q=
begin
split,
{ intro Hp,
exact H (or.inl Hp), 1},
{ intro Hq,
exact H (or.inr Hq), },
end

-- 32 demostracion

example
(H: =(p Vv q))
:p A Q=

( A Hp, H (or.inl Hp),
A Hg, H (or.inr Hq))

-- 42 demostracién
example

(H: =(p Vv Qq))

D p A g =
-- by library search
not or distrib.mp H

-- 52 demostracién
example
(H: =(p Vv Qq))
D p A g =
have H1 : —p, from
assume Hp : p,
have H2: p V q,
from or.inl Hp,
show false,
from absurd H2 H,
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have H3 : —q, from
assume Hq : q,
have H4: p V q,
from or.inr Hq,
show false,
from absurd H4 H,
show —p A —q,
from and.intro H1 H3

-- 62 demostracion
example
(H: —=(p Vv q))
Dp A Qo=
-- by hint
by tauto

-- 72 demostracion
example
(H: =(p Vv q))
Dp A Qo=
by finish

Enlaces al cédigo y a la sesién en Lean Web.

5.9. P A —q = _I(p V q)

-- Ejercicio. Demostrar

-- P A —=q = =(pV q)

import tactic
variables (p g : Prop)

-- 12 demostracién
example
(H: =p A —q)
colpvoag) =
begin
intro H1,
cases H1 with H2 H3,
{ exact absurd H2 H.1,
{ exact absurd H3 H.2,

}
I


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/¬(p∨q)⊢¬p∧¬q.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/¬(p∨q)⊢¬p∧¬q.lean
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end

-- 22 demostracion

example
(H: —p A —q)
:(p VvV oq) =

A H1, or.elim H1 (A H2, absurd H2 H.1) (A H3, absurd H3 H.2)

-- 32 demostracién
example

(H: —=p A —q)

: —(p VvV q) :=
-- by library search
not or distrib.mpr H

-- 42 demostracién
example
(H: —=p A —q)
: —(p vV q) :=
assume Hpq : p V (q,
or.elim Hpq
( assume Hp : p,
show false,
from absurd Hp H.left)
( assume Hg : q,
show false,
from absurd Hg H.right)

-- 52 demostracidn
example

(H: —=p A —q)

: (p vV q) :=
-- by hint
by tauto

-- 62 demostracion
example

(H: =p A —q)

: (p vV q) :=
by finish

Enlaces al cédigo y a la sesion en Lean Web.


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/¬p∧¬q⊢¬(p∨q).lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/¬p∧¬q⊢¬(p∨q).lean
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5.10. -pVv-qtF—-(pAq)

-- Ejercicio. Demostrar
- PV —q k= =(p AQq)

import tactic
variables (p q : Prop)

-- 12 demostracién
example
(H: —p VvV —q)
: (p A Qq) =
begin
intro Hpq,
cases H with Hnp Hng,
{ apply Hnp,
exact Hpqg.left, },
{ apply Hnq,
exact Hpqg.right, },
end

-- 22 demostracién
example
(H: —p VvV —q)
: (p A Qg) :=
begin
intro Hpq,
cases H with Hnp Hng,
{ exact Hnp Hpq.1l, },
{ exact Hng Hpq.2, },
end

-- 32 demostracién
example
(H: —p VvV —q)
: —(p A Q) :=
begin
intro Hpq,
exact or.elim H (A Hnp, Hnp Hpg.1l) (A Hng, Hng Hpqg.2),
end

-- 42 demostracion
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example
(H: —p VvV —q)
: (p A Q) =
A Hpq, or.elim H (A Hnp, Hnp Hpg.1l) (A Hng, Hng Hpq.2)

-- 52 demostracion
example
(H: —p VvV —q)
o(p A Q) =
-- by library search
not and distrib.mpr H

-- 62 demostracion
example
(H: —-p VvV —q)
a(p A Q) =
assume Hpg : p A q,
or.elim H
( assume Hnp : —p,
show false,
from Hnp (and.left Hpq))
( assume Hnq : —q,
show false,
from Hng (and.right Hpq))

-- 72 demostracion
example
(H: —p VvV —q)
o(p A g) o=
-- by hint
by tauto

-- 82 demostracion
example

(H: —p VvV —q)

: —(p A Q) =
by finish

Enlaces al cédigo y a la sesién en Lean Web.


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/¬p∨¬q⊢¬(p∧q).lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/¬p∨¬q⊢¬(p∧q).lean
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5.11. —(p A —p)

-- Ejercicio. Demostrar
-- F —=(p A —p)

import tactic
variables (p q : Prop)

-- 12 demostracidn
example :

-(p A —p) :=
begin

intro H,

apply H.right,

exact H.left,
end

-- 22 demostracion
example :

—(p A —p) :=
begin

intro H,

exact H.right (H.left),
end

-- 32 demostracion
example :

=(p A —p) :=
A H, H.right (H.left)

-- 42 demostracion

example :

-(p A —p) :=
begin

rintro (H1, H2),

exact H2 H1,
end

-- 52 demostracidn
example :

—~(p A —p) :=
A (H1, H2), H2 H1
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-- 62 demostracioén
example :

—(p A —p) :=
-- by suggest
(and_not_self p).mp

-- 72 demostracion

example :

-(p A —-p) :=
assume H : p A —p,
have Hl1 : p,

from and.left H,
have H2 : —p,

from and.right H,
show false,
from H2 H1

-- 82 demostracién
example :
-(p A —p) :=
-- by hint
by tauto

-- 92 demostracidn
example :

-(p A —p) :=
by finish

-- 102 demostracion
example :

—\(p /\ —\p) =
by simp

Enlaces al cédigo y a la sesion en Lean Web.

5.12. pA-ptQq

-- Ejercicio. Demostrar
-- pA-pPFEQq

import tactic


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/¬(p∧¬p).lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/¬(p∧¬p).lean
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variables (p g : Prop)

-- 12 demostracién
example
(H:p A —p)
Qo=
begin
exfalso,
apply H.2,
exact H.1,
end

-- 22 demostracidn
example
(H: p A —p)
1 q o=
begin
exfalso,
exact H.2 H.1,
end

-- 32 demostracidn
example
(H: p A —p)
1 q =
false.elim (H.2 H.1)

-- 42 demostracion
example
(H:p A —p)
1 q o=
have Hp : p,
from and.left H,
have Hnp : —p,
from and.right H,
have Hf : false,
from Hnp Hp,
show q,
from false.elim Hf

-- 52 demostracion
example

(H:p A —p)

1 q =
-- by hint
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by tauto

-- 62 demostracion

example
(H: p A —p)
Qo=

by finish

Enlaces al cédigo y a la sesion en Lean Web.


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/p∧¬p⊢q.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/p∧¬p⊢q.lean

Capitulo 6

Ejercicios de logica clasica

- Ejercicio . Demostrar
-p = p

import tactic
variable (p : Prop)

open_locale classical

- 12 demostracidn
example
(hl @ ——p)
Dp o=
by contra
( assume h2 : —p,
show false,
from hl h2 )

- 22 demostracion
example
(h1 @ ——p)
D p o=
by contra
( assume h2 : —p,
hl h2 )

- 32 demostracion

111
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example
(hl H ﬁﬂp)
P p o=
by contra (A h2, hl h2)

-- 42 demostracioén
example

(h1 : —=p)

P p =
-- by library search
not not.mp hl

-- 52 demostracion
example
(h1 : —=p)
D p o=
begin
by contradiction h2,
exact hl h2,
end

-- 62 demostracion
example
(hl : ——p)
Dp o=
-- by hint
by tauto

-- 72 demostracidn
lemma aux

(h1 : ——p)

D p o=
by finish

Enlaces al cédigo y a la sesidon en Lean Web.

6.2. FpVv-p

-- Ejercicio. Demostrar
-- FpVv —p


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/¬¬p⊢p.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/¬¬p⊢p.lean
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import tactic
variable (p : Prop)

open locale classical

-- 12 demostracion
example : p V —p :=
by contradiction
( assume hl : —(p V —p),
have h2 : —-p, from
assume h3 : p,
have h4 : p Vv —p, from or.inl h3,
show false, from hl h4,
have h5 : p Vv —p, from or.inr h2,
show false, from hl h5 )

-- 22 demostracion
example : p V —p :=
by contradiction
( assume hl : —=(p V —p),
have h2 : —-p, from
assume h3 : p,
have h4 : p Vv —p, from or.inl h3,
show false, from hl h4,
have h5 : p Vv —p, from or.inr h2,
hl h5 )

-- 32 demostracién
example : p V —p :=
by contradiction
( assume hl : —(p V —p),
have h2 : —p, from
assume h3 : p,
have h4 : p Vv —p, from or.inl h3,
show false, from hl h4,
hl (or.inr h2) )

-- 42 demostracién

example : p V —p :=

by contradiction

( assume hl : —(p V —p),
have h2 : —-p, from

assume h3 : p,
have h4 : p Vv —p, from or.inl h3,
hl h4,
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hl (or.inr h2) )

-- 52 demostracién
example : p V —p :=
by contradiction
( assume hl : —(p V —p),
have h2 : —-p, from
assume h3 : p,
hl (or.inl h3),
hl (or.inr h2) )

-- 62 demostracién
example : p V —p :=
by contradiction
( assume hl : —=(p V —p),
have h2 : —-p, from
A h3, hl (or.inl h3),
hl (or.inr h2) )

-- 72 demostracién
example : p V —p :=
by contradiction
( assume hl : —(p V —p),
hl (or.inr (A h3, hl (or.inl h3))) )

-- 82 demostracion
example : p V —p :=
by contradiction
(A hl, hl (or.inr (A h3, hl (or.inl h3))) )

-- 92 demostracién
example : p V —p :=
-- by library search
em p

-- #print axioms em

-- 102 demostracion
example : p V —p :=

begin
by contra hl,
apply hl,
apply or.inr,
intro h2,

apply hl,
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exact or.inl h2,
end

-- 112 demostracioén
example : p V —p :=
begin

by contra hl,

apply hl,

apply or.inr,

intro h2,

exact hl (or.inl h2),
end

-- 122 demostracién
example : p V —p :=
begin
by contra hl,
apply hl,
apply or.inr,
exact A h2, hl (or.inl h2),
end

-- 132 demostracidn
example : p V —p :=

begin

by contra hl,

apply hl,

exact or.inr (A h2, hl (or.inl h2)),
end

-- 142 demostracién
example : p V —p :=
begin
by contra hl,
exact hl (or.inr (A h2, hl (or.inl h2))),
end

-- 152 demostracién
example : p V —p :=
by contra (A hl, hl (or.inr (Ah2, hl (or.inl h2))))

-- 162 demostracién
example : p V —p :=
begin

by contra hl,
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apply hl,

right,

intro h2,

apply hl,

left,

exact h2,
end

-- 172 demostracién
example : p V —p :=
-- by hint

by tauto

-- 182 demostracion
example : p V —p :=
by finish

Enlaces al cédigo y a la sesidén en Lean Web.

6.3. ((pP—~q)—=pP)—P

-- Ejercicio. Demostrar
= F(p—4q) —p)—=p

import tactic
variables (p g : Prop)

open_locale classical

-- 12 demostracion
example :
((p = q) = p) = p :=
begin
intro hl,
by cases h2 : p — q,
{ exact hl h2, },
{ by contra h3,
apply h2,
intro h4,
exfalso,
exact h3 h4, 1},


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/⊢p∨¬p.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/⊢p∨¬p.lean
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end

-- 22 demostracion
example :
((p = q) = p) = p :=
begin
by cases hp : p,
{ intro hl,
exact hp, 1},
{ intro h2,
exact h2 hp.elim, },
end

-- 32 demostracién
example :
((p = 4d) = p) = p :=
if hp : p then A h, hp else XA h, h hp.elim

-- 42 demostracion
example :

((p—q) = p) - p:
-- by library search
peirce p q

-- 52 demostracion
example :
((p—>q) = p) = p:
assume hl : (p — q) — p,
show p, from
by contradiction
( assume h2 : —p,
have h3 : = (p — q),
by exact mt hl h2,
have h4 : p — q, from
assume h5 : p,
show q,
from not.elim h2 h5,
show false,
from h3 h4)

-- 62 demostracién
example :

((p —q) - p) —p :=
-- by hint
by tauto
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-- 72 demostracion
example :

((p —q) - p) —p :=
by finish

Enlaces al cédigo y a la sesién en Lean Web.

6.4. q—-p-p—4q

-- Ejercicio. Demostrar
- -q—> pkp—>g

import tactic
variables (p g : Prop)

open_locale classical

-- 12 demostracidn
example
(H: —q — —p)
T p — q =
begin
intro Hp,
by contra Hnqg,
apply not.elim  Hp,
exact H Hnqg,
end

-- 22 demostracion
example
(H: —q — —p)
p—q =
-- by library search
not imp not.mp H

-- 32 demostracioén
example

(H: =g — —p)

T p — Qq =
assume Hp : p,
show q, from


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/((p→q)→p)→p.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/((p→q)→p)→p.lean
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by contradiction
( assume Hnq : —q,
have Hnp : —p,
from H Hnq,
show false,
from Hnp Hp )

-- 42 demostracion
example
(H: =g — —p)
T p — q =
-- by hint
by tauto

-- 52 demostracion
example
(H: —q — —p)
Cp — q =
by finish

Enlaces al cédigo y a la sesidn en Lean Web.

6.5. -(—-pAr-q)FpVAq

-- Ejercicio. Demostrar

-- —(=p AN —q) FpVag

import tactic
variables (p g r : Prop)

open_locale classical

-- 12 demostracién
example
(H: =(=p A —q))
S p Vg =
begin
by cases Hp : p,
{ exact or.inl Hp, },
{ by cases Hq : q,

{ exact or.inr Hq, },


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/¬q→¬p⊢p→q.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/¬q→¬p⊢p→q.lean
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{ exfalso,
apply H,
exact and.intro Hp Hq, }},
end

-- 22 demostracién
example
(H: =(=p A —q))
S p Vg =
-- by library search
or iff not and not.mpr H

-- 32 demostracién
example
(H: =(=p A —q))
T pVaQg:=
or.elim (em p)
( assume Hp : p,
show p V q ,
from or.inl Hp)
( assume Hnp : —p,
show p vV q, from
or.elim (em q)
( assume Hq : q,
show p V q,
from or.inr Hq)
( assume Hng : —q,
have H' : —p A —q,
from and.intro Hnp Hng,
show p V q,
from not.elim H H'))

-- 42 demostracion
example

(H: =(=p A —q))

T pVaQg:=
or.elim (em p)

or.inl

(A Hnp, or.elim (em q)

or.inr

(A Hng, not.elim H (and.intro Hnp Hnq)))

-- 52 demostracion
example
(H: =(=p A —q))
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T pVaQg:=
-- by hint
by tauto

-- 62 demostracion
example
(H: =(=p A —q))
T p Vg :=
by finish

Enlaces al cédigo y a la sesion en Lean Web.

6.6. —l(ﬁp V _lq) - P AN q

-- Ejercicio. Demostrar
-- -(-pV —q) - pAQq

import tactic
variables (p q : Prop)

open_locale classical

-- 12 demostracidn
example
(H: =(—-p VvV —q))
T pAQ =
begin
split,
{ by contra Hnp,
apply H,
exact or.inl Hnp, },
{ by contra Hnqg,
apply H,
exact or.inr Hng, },
end

-- 22 demostracion
example

(H: =(=p VvV —q))
T pAQ =
begin


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/¬(¬p∧¬q)⊢p∨q.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/¬(¬p∧¬q)⊢p∨q.lean
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split,
{ by contra Hnp,
exact H (or.inl Hnp), 1},
{ by contra Hnq,
exact H (or.inr Hnq), 1},
end

-- 32 demostracioén
example
(H: =(=p VvV —q))
P pAQ =
begin
split,
{ exact by contra (A Hnp, H (or.inl Hnp)), },
{ exact by contra (A Hng, H (or.inr Hnq)), },
end

-- 42 demostracién
example
(H: =(=p V —q))
T pAQq =
(by contra (A Hnp, H (or.inl Hnp)),
by contra (A Hng, H (or.inr Hnq)))

-- 52 demostracion
example
(H: =(=p VvV —q))
T pAQ =
-- by library search
and iff not or not.mpr H

-- 62 demostracion
example
(H: =(=p V —q))
TP AQq =
and.intro
( show p, from by contradiction
( assume Hnp : —p,
have H' : —-p V - q,
from or.inl Hnp,
show false,
from H H'))
( show g, from by contradiction
( assume Hnq : —q,
have H' : —p V - q,
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from or.inr Hnq,
show false,
from H H'))

-- 72 demostracidn
example
(H: =(=p VvV —q))
T pAQq =
-- by hint
by tauto

-- 82 demostracion
example
(H: =(=p VvV —q))
T pAQ =
by finish

Enlaces al cédigo y a la sesidon en Lean Web.

6.7. —|(p N\ q) - PV q

-- Ejercicio. Demostrar
-- -(p ANqg) bt pV —q

import tactic
variables (p g r : Prop)

open_locale classical

-- 12 demostracion
example
(H: =(p A Qq))
D p Vg o=
begin
by cases Hp : p,
{ by cases Hq : q,
{ exfalso,
apply H,
exact (Hp, Hqg), },
{ exact or.inr Hq, }},
{ exact or.inl Hp, },


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/¬(¬p∨¬q)⊢p∧q.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/¬(¬p∨¬q)⊢p∧q.lean
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end

-- 22 demostracién
example
(H: =(p A q))
D p VvV ooq =
if Hp : p
then if Hq : q
then not.elim H (Hp, Hq)
else or.inr Hq
else or.inl Hp

-- 32 demostracién
example
(H: —=(p Aa))
Dop Voq o=
-- by library search
not and distrib.mp H

-- 42 demostracién
example
(H: =(p A Qq))
D p Vg o=
or.elim (em p)
( assume Hp : p,
or.elim (em q)
( assume Hq : q,
show —p V —q,
from not.elim H (Hp, Hq))
( assume Hng : —q,
show —p V —q,
from or.inr Hnq))
( assume Hnp : —p,
show —p V —q,
from or.inl Hnp)

-- 52 demostracioén
example
(H: =(p A Qq))
D p vV oq =
or.elim (em p)
(A Hp, or.elim (em q)
(A Hg, not.elim H (Hp, Hq))
or.inr)
or.inl
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-- 62 demostracioén
example

(H: =(p A Qq))

D p vV oq =
-- by hint
by tauto

-- 72 demostracion
example

(H: =(p A Qq))

D p Vg =
by finish

Enlaces al cédigo y a la sesidon en Lean Web.

6.8. F(p—q)V(qg—p)

-- Ejercicio. Demostrar

-- F(p —q)V (g = p)

import tactic
variables (p q : Prop)

open_locale classical

-- 12 demostracidn
example :
(p = q) vV (q = p) :=
begin
by cases H1l : p,
{ right,
intro,
exact Hl, 7},
{ left,
intro H2,
exfalso,
exact H1 H2, },
end

-- 22 demostracion
example :


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/¬(p∧q)⊢¬p∨¬q.lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/¬(p∧q)⊢¬p∨¬q.lean
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(p = a) vV (@ = p) :=
begin

cases (em p) with Hp Hnp,

{ exact or.inr (A Hg, Hp), 1},

{ exact or.inl (A Hp, not.elim Hnp Hp), },
end

-- 32 demostracién
example :
(p = a) vV (@ = p) :=
or.elim (em p)
(A Hp, or.inr (A Hqg, Hp))
(A Hnp, or.inl (A Hp, not.elim Hnp Hp))

-- 42 demostracioén
example :
(p = a) vV (@ = p) :=
if Hp : p
then or.inr (A , Hp)
else or.inl (A H, not.elim Hp H)

-- 52 demostracion
example :

(p = q) vV (q = p) :=
-- by hint
by tauto

-- 62 demostracion
example :

(p = q) VvV (@ = p):=
by finish

Enlaces al cédigo y a la sesion en Lean Web


https://github.com/jaalonso/Logica_con_Lean/blob/master/src/1_Proposicional/Ejercicios/⊢(p→q)∨(q→p).lean
https://www.cs.us.es/~jalonso/lean-web-editor/#url=https://raw.githubusercontent.com/jaalonso/Logica_con_Lean/master/src/1_Proposicional/Ejercicios/⊢(p→q)∨(q→p).lean
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