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The Curry-Howard Correspondence
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The Curry-Howard Correspondence

Formal Program Verification

[Curry—Howard Correspondence ')

A-calculus | Logic & Proofs
Types Formulas

Typed terms Proofs

Evaluation | Cut Elimination
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Based on [Sabry, Valiron, Vizzotto] and [Baelde, Doumane, Saurin]

Sabryetal. Baeldeetal. ThisWork

Linear v v v
Reversible v X v
(Co)-Inductive X v v
Curry-Howard X X v
Quantum Case v X WIP
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(Base types) AB:=1|X | A®B | A9B | uX.A | vX.A
(Isos, first-order) an= A< B
(Isos, higher-order) 7T := a;— - = a, >«
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Syntax

e Language comes with a rewriting system and a type system.
e Ensuring exhaustivity and non-overlapping of clauses.

e Ensuring productivity.
Semantic

e Isos denote computations from A — Band B — A.
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Syntax - Example 2

(1 e []
map = Ag.uf.{ h:ut < letx=g hin :A < B — [A] & [B]
lety=ftinx:y

[] <[]
mapt = Ag.uf.{ letx =g hin < h:t p:A<B— B« [4]
lety=ftinx:y

(1 <1l
mapt = Ag.uf.{ x:y < leth= (inv(g)) x in :A < B — [B] «& [4]

lett=fyinh:t
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Confluence

k
tp — by

J,* S

ty ey by

Type Preservation

If-t: Aandt — t' thenk t' : A.

Progress

If+ t: Aeither t — t’ or t is a value.

Isos

For each w we have w o (inv w) = id = (inv w) o w.
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Linear Logic with Induction (1zX.A) and Co-Induction (vX.A)

At BIX « 1X.B]
At uX.B

MR
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Words on yMALL

Linear Logic with Induction (1zX.A) and Co-Induction (vX.A)
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Words on yMALL

Linear Logic with Induction (1zX.A) and Co-Induction (vX.A)

— 1
R [n]
FlouX1a X -
e L LY
FuX.1o X F 1@ nat
ot F nat
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F 1 nat
=" pat_ /7
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Words on yMALL

Linear Logic with Induction and Co-Induction

XX
CHXX L FaXX IR
- XX

Infinite derivations represented as graphs
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Words on yMALL

A derivation is valid if in every infinite branch :

e Infinity of rules x;

¢ Infinity of rules vg
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From Type Derivation To Proofs

Typed Terms ~~~+ Proofs
w:A& By AREB

wr:Bs A~ bl BEA
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From Derivations To Proofs - Example

Let us take the recursive identity on lists

(] <1l
pf. ¢ hut<«rlett' =ftin p:[Al < [A
h:t
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From Derivations To Proofs - Example

[ <[]
uf. h:t< lett' =ftin
h:t
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From Derivations To Proofs - Example

— 1p

-1 oL
- @k(é\f [j) . ALALF A
1A " A A F (A zL
16 (A2 [A) - A ‘

[ <[]
uf. h:t< lett' =ftin
h:t
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From Derivations To Proofs - Example

R
Flo(A®(a) ¢ Al F [A] A A F A
ST ATATF A o
T Ao AA E
10 (Ao A) - [A oL
Aarma

[ <[]
uf. h:it<slett' =ftin
h:t
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From Derivations To Proofs - Example

id id
aka [a]l—[a]®
R

AAFASA
AAF1I®AR[A
A [AlF (A

KR

cut

{H <[] }
uf. h:it<rlett' =ftin

h:t
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Conclusion

Results

Confluence.

Type Preservation.

Progress.

Isos are isomorphisms.

In Progress

Show that derivations built isos are valid.
Show that our reduction simulates cut-elimination.

Show that 7, 7+ are isomorphisms.

Consider the quantum case.
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