answers to the exam logical verification of January 18, 2006
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We use the following:
I'p={z:A— A— B}
I={z:A—-A—-B,y:C— A}
Iy={:A—-A—-By:C— A z:C}
IokFy:C— A IyF2:C
I'skFz:A— A— B ok (yz): A Iokby:C— A I'ok2z:C
I'oha2(yz): A— B ok (yz): A

otz (yz)(yz): B
IhEXeCox(yz)(yz):C — B
IokFAy:C — A Xz:C.x(yz)(yz): (C—A) —-C— B
FA:A— A— B Ay:C— AXz:Cx(yz)(yz):(A—-A—-B)—-(C—-A) —-C—B
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The first two steps (reading downwards) for a detour.



2a

Inductive natlist : Set :=
| nil : natlist
| cons : nat -> natlist -> natlist

2b

natlist_ind
: forall P : natlist -> Prop,
P nil ->
(forall (n : nat) (n0 : natlist),
P n0 -> P (cons n n0)) ->
forall n : natlist, P n

2c
For

Inductive le (n : nat) : nat -> Prop :=
| len : lenn
| le_.S : forall m : nat, lenm -> len (S m)

we have the following:
e le_n 0is an inhabitant of 1e 0 0.

e there is no inhabitant of 1e (8 0) 0; intuitively because we do not have
1<0.

e (1e_.S 0 0 (le_n 0)) is an inhabitant of 1e 0 (S 0).

2d

Inductive lelist : nat -> natlist -> Prop :=

| lelist_nil : forall n:nat, lelist n nil

| lelist_cons : forall n:nat, forall h:nat, forall t:natlist,
le n h -> lelist n (cons h t)

an alternative:

Definition lelist_b (n:nat) (l:natlist): Prop :=
match 1 with

| nil => True

| consm 1 => (le nm

end.



3a
the introduction — immediately followed by the elimination —:
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the introduction V immediately followed by the elimination V:
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3b
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4a natlist_dep has type nat — *
4b nat — x: [
4c nil_dep : natlist_dep O

4d
Definition length_dep (n : nat) (1 : natlist_dep n) := n.
an alternative:

Definition length_dep_b (n : nat) (1 : natlist_dep n) : nat :=
match 1 with
| nil_dep => 0
| cons_ depnht=>Sn
end.

5a The type checking problem: given a term P, a type A, and an environment
I', do we have I' - P : A?



5b The proof checking problem: given a proof P with assumptions I', and a
formula A, is P a proof of A7

5c¢ For instance, the atomic type A is not inhabited by a closed A-term. Also,
the simple type A — B with A and B atomic types is not inhabited by a closed
A-term.

6a

[a”]
a— a
Va.a — a

6b Ila:x.a — a

6¢c  The polymorphic identity: Aa: * . Az:a.x

6d
Fx:. O
a:xkFa:x*
6e
6d 6d
6d 6d a:*x,xr:akFa:x*
a:*x,r:abx:a a:xkFa—a:x*
a:xkFAria.x:a—a
6f
6d 6d
6d a:x,r:ata:x*
Fx: 0O a:*xkFa—a:x*
be Flla:*x.a — a: *

Aa:x . Ar:a.x:a:x.a — a



