How to win your first
Coq Fight ¢







Assertions

AvVvB, A—-C, B—-D + CVD



what to prove
AVB, A—-C, B—-D - CVD



what we can assume

AvB, A—-C, B—-D +~ CVD



Inference rule

, X I, Vv

I xVy F

(destruct V)



forall I', x, vy, z
I', X I I, v
I, xVy F

(destruct V)



I, X - Z I, VvV Z

I xVy F (destruct V)

the rule allows us to prove



by proving these instead
I, X I, v

I xVy - 2 (destruct V)



Instantiate the rule

I, X I, Vv
I' xVy F

(destruct V)



Instantiate the rule

I, X I, Vv
I, xVy

(destruct V)

AV B, A-C,B—D



Instantiate the rule

(destruct V)

A, A—=C,B—-D I B, A—,C,B—-D

(destruct V)
AV B, A-C,B—D -



A A-CB-2D-CVD B,A-»C,B»D~CVD

(destruct V)
AVB,A—-CB-»D+~CVD



We need more rules

I' X
I'-xVy

(left V)

A A-CB-D-CVD

(destruct V)



We need more rules

I' X oft
FFxVy(et)
A A—C.B=D K C
A ASCB=DrCvD etV)

(destruct V)



We need more rules

I'EX—Yy I' =X
'y

(apply)

A A-CB-2DH-C

(left V)

(destruct V)



We need more rules

I'EX—Yy I' =X
'y

(apply)

A—-C..FA—-C A...-A

(
(apply)
A, A—-CB—-DF C (et V)

(destruct V)



We need more rules

mption
T x (assumption)

ASC rASC A A A
(apply)
(left V)

(destruct V)



And soO on

(a)

(apply)

(leftV) B ASCBSD-CVD

(destruct V)



And soO on

(a)

(apply)

(left V)

B, A=-C,B—D -

D

(right V)
(destruct V)



And soO on

(a) B—D...-B—=D

B...—B

(apply)

(apply)

(left V)

(right V)

(destruct V)



And soO on

(
/(a) 55D rB=D Y8 rB@
(apply) (apply)
(left V) (right V)

(destruct V)



In CoqQ

Inductive or (A B : Prop) : Prop :=
or_introl : A > or A B
or_intror : B - or A B




As rules

Inductive or (A B : Prop) : Prop :=
or_introl : A > or A B
or_intror : B - or A B

I', X I', Vv
I, xVy

(destruct)

I'—Xx | = Y

TExVy (apply or_introl) T Xy (apply or_intror)



Let's prove it



Induction over lists

Inductive List (A : Type) : Type :=
Nil List A
Cons : A -> List A -> List A

I' - Nil I'ya: A, as': List A, |H(as' + [H(Cons a as’

I, as:ListAr IHlas



Where to learn more

e Software Foundations (Benjamin Pierce et al)

e https://softwarefoundations.cis.upenn.edu/



